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“ Quick Mounts are higher quality, more
cost effective, and easier to install than
any brand we’ve ever used.

“

Darren Malvin
American Solar

He’s not taking any chances with roof leaks. Are you?
DARREN MALVIN

KNOWS THAT EVERY SOLAR SYSTEM he puts
on a customer’s roof puts his reputation on the line. And he
sleeps a whole lot easier on rainy nights knowing Quick Mount
PV has his customers’ roofs sealed safe and watertight.

INDUSTRY LEADING TECHNOLOGY

Quick Mounts cost a little more out of the box but the value is
clear when you consider everything you get in return. Lower
labor costs for one. Quick Mount PV makes waterproofing your
roof penetrations easier than ever, so crews spend less time on
the roof. Unlike other products, there are no extra costs with
Quick Mount PV. All the hardware you need is right in the box.
And those rainy nights? The peace of mind that comes from
knowing Quick Mounts are 100% code compliant and will
not void roofing manufacturers’ warranties – that’s priceless.

QUICK MOUNT PV ADVANTAGES:
■
■
■
■
■
■
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MA

■

100% IBC compliant
Patented elevated water seal
All aluminum flashing
All hardware included
Works with all leading racks
10-year warranty; 50-year expected life
Live tech support, year-round training

925-478-8269
products@quickmountpv.com
www.quickmountpv.com

THE WORLD’S
STANDARD FOR SOL AR

™

Highest Efficiency

Highest Reliability

Guaranteed Performance

SunPower is widely recognized as the standard by which all solar companies are measured.
Our products hold the world record for energy production, and our standards for quality
and reliability are significantly more rigorous than typical industry measures. Our reputation
QBase: Where the Roof Meets the Load

QBlock: Patented Elevated Water Seal

Our Low Slope, New Roof & Universal
Tile Mounts use our QBase: the world’s
strongest off-the-shelf mounting base.

Our Classic Comp & Shake Mounts
install watertight, code-compliant
attachments with a single bolt.

CLASSIC COMP

CLASSIC SHAKE

NEW ROOF COMP

is backed by over a decade of measuring and exceeding real-world system performance
expectations. Residential, commercial and power plant customers agree, choosing SunPower is
the smartest investment in energy. Guaranteed.
sunpowercorp.com

LOW SLOPE

UNIVERSAL TILE
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Welcome
to the 9th edition
of the Solar Energy
Resource Guide!
9th EDITION

We are the Northern California
Solar Energy Association (NorCal
Solar), a chapter of the American
Solar Energy Society, founded in
1974 with a mission to foster the development and application of solar energy through the exchange of information. With this guide that we affectionately call the SERG,
we aim to offer information in the form of a primer
on all things solar. Whether you are completely new to
the energy world, considering solar or energy upgrades
for your home or business, designing a home, seeking a
“green” career, already employed in solar, creating energy
regulations, volunteering in solar, reporting on energy for
the media, or simply a solar energy supporter, we hope
you will find the discussions within these pages useful.
We invite you to join the discussion as we revise our
website (www.norcalsolar.org), expand our outreach and
dialogs on social media, and organize networking events
for furthering those dialogs.
Four years have passed since the SERG 8th edition,
and the world of solar has changed. We’ve expanded the
9th edition’s content to capture some of those changes,

but there’s so much more than
what could fit within these pages!
There’s also a bit of overlap,
especially in the areas where solar
and energy efficiency come
together: zero net energy buildings, passive solar/Passive House,
retrofitting existing homes …
Where we’ve repeated the same
information in separate articles,
we hope that’s helpful as you pick up and put down this
Guide over time. We’re trying something new with this
9th edition — putting some of these articles online
(www.norcalsolar.org) and keeping them up-to-date as
the solar world continues to evolve.
We haven’t included an article on climate change
— so much is already written on that topic. Know that
what drives many of us to keep up our efforts in pro
moting and using clean renewable energy and efficiency
is the science showing increasing changes to the global
natural environment, unprecedented in history, and most
likely caused by humans’ combustion of fossil fuels for
energy. We believe that the magnitude of what we’re doing
to the planet is so great that our minds cannot fully compre
hend it. The younger generations are experiencing a differ
ent natural environment than that of their parents and
grandparents. Please join us in continuing to work for a
future (and a present) that’s fueled by clean energy options.

ELAINE HEBERT, President, and JAMIE CUTLIP, Vice President
Northern California Solar Energy Association (NorCal Solar)

www.norcalsolar.org
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About NorCal Solar
The Northern California Solar Energy Association (NorCal
Solar) is
• comprised of fun-loving, hard-working, dedicated solar
enthusiasts and volunteers!
• educational and grassroots,
• geared toward homeowners, renters, small businesses,
people new to solar, solar professionals, people seeking
careers in renewable energy, local governments, and anyone
interested in solar,
• an organizer of tours and events around networking and
solar energy information, and
• a clearinghouse of unbiased information.

We were founded in 1974 and gained 501(c)3 nonprofit
status in 1975. We are one of about 40 chapters of the American Solar Energy Society (ASES) around the country and one
of four in California. Our mission is to foster the development and application of solar energy through the exchange of
information.
We like bringing people together for that information
exchange. We are committed to consumer education about the
many applications of solar energy as a roadmap for increased
use of clean renewable energy in northern California. We invite
you to become a member and join us for events and funraising throughout the year.

Membership
You can join or renew online at www.norcalsolar.org
or send a check payable to NorCal Solar, PO Box 3008, Berkeley, CA 94703. Welcome!
Individual Memberships
NorCal Solar Membership only
NorCal & ASES Joint Membership
Fixed income/Student/Retired
Business Memberships
Professional, NorCal Solar Only
Suggested for up to 10 employees

$35
$69
$20

$75

$144

NorCal Solar Star Level
Suggested for 50-99 employees

$500

NorCal Solar Super Star Level
Suggested for 100+ employees

Donation — Thank You!
Total Amount Enclosed

COMPANY

CITY
STATE & ZIP

$150

NorCal Corporate Membership
Suggested for 10-49 employees

NAME

ADDRESS

Professional, NorCal/ASES Joint
Suggested for up to 10 employees

We do not sell or share your contact information outside ASES and
NorCal Solar.

$1,000
$
$

EMAIL
PHONE

New Member
Renewal
New Address/Email
I’m PAPER FREE. Use email only to contact me.
Please send info on volunteer opportunities.
www.norcalsolar.org
Please send info on showcasing my solar or green home/business
on a NorCal Solar tour.

NorCal Solar is a 501(c)3 nonprofit organization. Your membership and gifts are tax deductible.
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Energy Efficiency—Don’t Go Solar Without It!
BY TED POPE

Why should you consider energy efficiency as part of your solar
installation project? Energy efficiency improvements can shrink
your energy bill, increase the comfort and convenience of your
building, and reduce your carbon footprint. Many energy efficiency investments and practices provide a simple payback of
1-5 years, so it can be substantially cheaper than typical solar
photovoltaic installations on a per kilowatt-hour (kWh) basis.
Energy efficiency investments not only reduce your
energy bills, but they make financial sense for other reasons.
For starters, improving home efficiency may allow potential
solar system purchasers to reduce the size of the system they
select, which can mean big initial cost savings. For example,
some customers wish to size their solar system to provide just
enough energy to meet their cumulative year round needs
because their utility will pay for solar generation only up to
the amount of total utility usage during the year. Furthermore,
having a more efficient building may also increase the value
down the road when you sell your home or commercial building. Analysis shows homebuyers are placing a higher value
on homes with Energy Star® ratings and other local energy
efficient or green building program labels.
Often, more efficient buildings are safer, more comfortable
places to work and live. For example, dual pane windows can reduce street noise. Proper air flow, air sealing, and insulation
techniques allow more comfortable rooms and can help prevent
moisture and mold problems. Additionally, more efficient appliance models tend to be of better quality, often with more features.
Energy efficiency also tends to be the most environmentally sensitive solution to powering a building. In general
terms, there is no extra pollution, mining waste, disaster risk,
or carbon emissions resulting from energy that isn’t used. No
renewable source (including solar) is so squeaky clean!
What is the Maximum Savings Potential?
The energy efficiency opportunity of a given building depends on a number of factors including the age of the building (generally an indicator of the original energy efficiency),
level of maintenance, and past energy efficiency retrofits. The
energy-related behavior of the occupants and the local climate
are large factors as well. Despite the wide variability from one
building to another, generally, one is likely to find cost-effective
savings opportunities of 10-30% or more in existing homes

and commercial buildings for a good simple payback or internal rate of return (e.g., at least 20%).
Common Energy Efficiency Opportunities
Which efficiency opportunity one selects depends on a number
of considerations, such as total cost, cost-effectiveness, timing,
and convenience. Some of the most common home energy efficiency retrofits that might be bundled with a solar investment
include those listed below. Several of these require no assistance, even for the technically challenged among us!
• Use screw-base LEDs or CFLs in high-use lighting fixtures.
• Seal gaps and cracks around doors and windows and in
other leaky places with caulking, weather stripping and
other sealing products.
• Retire old refrigerators and get rid of second or third refrigerators if you don’t really need them.
• Insulating roofs, ceilings, walls and/or floors is often a smart
choice.
• Repair and seal air ducts.
• Cover spas and hot tubs — make sure you have a well-
insulated and tight-fitting cover in place at all times when
not in use. Nighttime covers over heated swimming pools
help save energy too.
• Two-speed pool pumps usually make good sense for those
with pools. [Editor’s note: it’s also possible to take pool
pumping “off-grid” by using a direct current (DC) pump
running on solar electricity during daylight hours; many
vendors sell such equipment.]
With these and so many more options, how does one
decide which efficiency measures to explore and pursue? The
answer depends a lot on the construction and age of your
building, the behavior of the occupants, and the appliances
or equipment you currently have. Typically, by completing a
few of the more common measures described above, you can
save at least 10% on your annual bill without having to hire a
specialist to figure it all out. On the other hand, hiring a specialist can increase your savings opportunity and simplify the
process. Places to start looking for guidance include your utility’s website (e.g., http://pge.com/myhome/saveenergymoney/
for PG&E residential customers) and the US Environmental
Protection Agency (EPA)’s Energy Star® website www.energy
star.gov/, among many others.

www.norcalsolar.org
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Many have heard the stories about rapidly proliferating electrical “vampires,” the small power supplies that draw
energy day in and out even when the product they power is off.
It’s not just those external power supplies that are the problem,
it is consumer electronics in general. Try to truly turn off and
unplug as many of these products as you conveniently can
when not in use. Even when in the “off ” mode, your entertainment products together could be using as much energy as a
new refrigerator! In fact, these “miscellaneous” and overlooked
(until recently) loads are increasing faster than new total solar
generation! Plugging devices and electronics into power strips
and turning off the power strips can be a convenient way to
manage “vampire” or “phantom” loads.
Getting It Done
Professional energy auditors, raters, analysts, and certified
energy efficiency building contractors are in a good position
to help you identify and prioritize opportunities in your home
or building. For implementing building shell improvements
and renovation, your best option (depending on your time and
skills) is probably to look for professional contractors. Your
utility or a state agency may provide a list of qualified contractors for the types of work you anticipate. There is a growing
group of contractors trained in whole building improvement.
They consider the entire building structure and its subsystems
in their approach, rather than, for example, just installing more
insulation. To find a qualified home performance contractor,
try their association in your state, such as the California Building
Performance Contractors Association http://www.cbpca.org/.
Starting with energy efficiency is a good way to approach
your solar project and in most cases will yield a better overall
project outcome for your building for years to come.

Ted Pope is Vice President, Energy Solutions and former Board
member of NorCal Solar

RESOURCES
• Affordable Comfort Inc., www.affordablecomfort.org/
• Building Performance Institute, www.bpi.org/
• California Building Performance Contractors Association,
http://www.cbpca.org/
• Energy Upgrade California, www.energyupgradeca.org
• US Department of Energy’s (DOE) Energy Efficiency and
Renewable Energy (EERE) Weatherization & Intergovernmental Program,
www1.eere.energy.gov/wip/retrofit_guidelines.html
• US Energy Star program, www.energystar.gov/
• Your local energy utility’s website or hotline
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Solar Hot Water
COMPILED AND EDITED BY DIANA YOUNG AND LIZ MERRY
for the 8th edition SERG, with additional help from Josh Plaisted and Tim Hawkins;
9th edition edits by Ed Murray, Aztec Energy

Since ancient times humans have been taking advantage of the
sun’s ability to heat water. Solar-heated water systems were
common in southern California at the turn of the 20th century.
In Israel all homes are required to have solar hot water systems.
Throughout the world solar water heaters are using the sun’s
energy to provide environmentally friendly heat for household
water, swimming pools, spas, and space heating and cooling.
Solar water heater (SWH) technology has advanced greatly
since the 1970s when the shock of gasoline’s reduced supply
and higher prices inspired state and federal decision-makers to
initiate generous tax credits for solar installations. Today SWH
equipment has become more efficient, reliable, and affordable.
Higher quality insulation and better coatings for absorbers
produce more efficient and longer lasting systems. A rating
system now helps consumers evaluate their options. There are
many reliable manufacturers and highly experienced installers
and consultants. Manufacturers have paid attention to making
the equipment more aesthetically pleasing.
Economics of Solar Water Heating
How does the cost of solar water heating compare with that of
conventional water heaters? The initial investment is higher: the
price of a complete solar water heating system ranges between
$2,000 and $3,500 for the equipment itself with turnkey installed
systems ranging from $6,000 to $10,000. Costs will vary

 epending on how much hot water is needed and how much
d
sunlight is available. Over the lifecycle of the system, the cost is at
least 20 percent lower than a conventional gas heater and 40
percent lower than an electric one. Those percentages will increase
as the costs of gas and electricity rise and solar hot water systems
continue to run on an energy source that is free! A well-made,
properly maintained system should last 20-30 years or more.
In addition to the financial savings, a solar water heater
improves the air quality inside and outside a home. Replacing a
single conventional water heater prevents the release of one to two
tons of carbon dioxide per year along with other pollutants, such
as sulfur dioxides, carbon monoxide, and nitrous oxides. According to the University of Wisconsin Solar Energy Lab, the carbon
dioxide saved by using a solar water heater for a family of four
is the same as that produced by driving a car (at an average fuel
efficiency of 22 miles per gallon) 12,000 miles each year!
SWH System Basic Components
Any solar hot water system will include a collector, in which
the sun heats water or fluid, and a tank, which stores the hot
water. A solar storage tank is similar to a conventional hot
water heater.
It is not realistic to expect a SHW system to provide 100
percent of your water heating needs under all conditions.
Solar water heaters are generally equipped with gas or electric
boosters to ensure that you are never without hot water. The
purpose of the solar hot water system is to preheat the water
going into the tank so that the conventional or tankless water
heater doesn’t have to work as hard. It is reasonable to expect
that the system will give you 100 percent of your hot water in
the summer and about 40-75 percent year-round depending
on system type and size.
Types of Solar Hot Water Systems

Photo: Sun Light and Power

Solar water heaters are often divided into two categories: passive systems use water pressure or natural convection to move
water from the collector to the storage tank, and active systems
use one or more pumps operated by an electronic controller
to circulate fluid between the collector and the storage tank.
Swimming pool heating is usually active.

Residential solar hot water installation

www.norcalsolar.org
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PASSIVE SOLAR HOT WATER SYSTEMS
Passive systems have the advantage of continuing to work
during power outages. They can only be used in mild climates
where the pipes carrying water to the system will not freeze.
The two most common varieties of passive solar water heating
are integral collector storage (ICS) and thermosiphon.
Integral Collector Storage (ICS) Systems
In an ICS system, water is heated and stored in a collector, or a
series of collectors, connected to the main water supply and to
a conventional gas or electric hot water heater. Each time hot
water is drawn from the water heater by opening a tap in the
building, the supply is replaced by hot water from the collector. Simultaneously, pressure from the water main causes cold
water to flow in and refill the collector.
Thermosiphon Systems
Like the ICS, the thermosiphon is a completely passive design
with no pumps or controllers. The thermosiphon takes advantage of the fact that water rises as it warms.
A thermosiphon system uses a flat-plate collector, an
insulated, weatherproofed box that contains a dark absorber
plate under one or more glass or plastic (polymer) covers. The
solar-heated water in the collector rises through tubes and

Standards for Solar Hot Water (Solar Thermal)
Equipment and Installation
The Solar Rating and Certification Corporation
(SRCC) is a nonprofit entity that certifies and rates solar
hot water (also called solar thermal) collectors and
systems, serving a world market. Operating Guide 100
(OG-100) covers collectors, and OG-300 covers entire
systems. OG-300 came about because some collectors,
passive ones in particular, cannot be tested separately
from the rest of the system.
Information on OG-100, including directories of ratings for glazed, unglazed, concentrating, ICS, and nonseparable thermosiphon collectors is posted at www.
solar-rating.org/ratings/og100.html. SRCC-accredited
labs around the world test the collectors.
Information on OG-300 is on www.solar-rating.org/
ratings/og300.html. In addition to SHW system ratings,
this website contains SRCC’s estimates of annual performance of SRCC Certified Solar Water Heating Systems™
for various locations throughout the United States.
SRCC states that “the purpose of [its] solar water
heating system certification and rating program[s] is to
improve performance and reliability of solar products. It
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flows into the top of a separate
storage tank, which must be
located higher than the colIn addition to the
lector. Colder water from the
financial savings, a
bottom of the storage tank is
solar water heater
drawn into the lower entry of
improves the air
the solar collector to replace
the heated water that was
quality inside and
thermosiphoned upward.
outside a home.
The system is designed
for warm climates but can be
used in temperate climates,
providing it is drained when
outside temperatures are below freezing. Because the heated
water is stored in a well-insulated tank above the collectors,
thermosiphon systems lose less of their heat overnight than do
ICS units, which makes them more efficient.
Direct vs. Indirect Thermosiphon Systems
Systems that heat pressurized water in the collector are referred
to as direct or “open loop” systems. Since open loop systems
are subject to corrosion caused by oxygen in the water, the
parts must be made from materials that resist corrosion, such
as copper, bronze, brass, stainless steel, plastic, or glass. Another

integrates results of collector tests and system tests with
evaluations against minimum standards of system durability, reliability, safety and operation, as well as factors affecting total system design, installation, maintenance and
service.” (www.solar-rating.org/certification/system.html)
The International Association of Plumbing and
Mechanical Officials (IAPMO) is another organization
that certifies solar thermal (as well as PV) equipment.
Its website indicates that IAPMO focuses on “speed to
market, credibility in name and mark of conformity, [and]
a complete certification program to all applicable North
American codes and standards recognized by Federal
and State agencies.” www.iapmort.org/Pages/SolarCertification.aspx
In 2011, the California Public Utilities Commission approved the International Association of Plumbing and Mechanical Officials (IAPMO) as a certifier of SHW systems
in California under the California Solar Initiative (CSI).
www.solarthermalbiz.com/archives/2356
The Florida Solar Energy Center (FSEC), a long-time
player in solar equipment rating and certification, publishwww.norcalsolar.org
es information similar to IAPMO’s but specific to Florida
SHW installations. (www.fsec.ucf.edu/en/certificationtesting/STsystems/)

Solar Hot Water
potential problem is the buildup of calcium deposits from hard
water. If you have hard water, you will probably need to invest
in an indirect or “closed loop” system.
In climates subject to freezing, it is best to use an indirect
system. Instead of heating the water directly, the sun’s rays
heat a food-grade antifreeze, which expands and rises into
a heat exchanger that extends around the bottom and sides
of the storage tank and heats the water in the tank. Once the
antifreeze has transferred its heat to the water, it sinks to the
bottom of the collector to repeat the process. The most common antifreeze solution used in indirect solar heating systems
is propylene glycol, which is nontoxic.
With an indirect system there are few concerns related to
freezing. However, the installer must still be sure to insulate the
pipes carrying water to and from the tank. And, to protect your
investment, you will need to check the insulation every spring
and repair or replace it as needed.

Active direct systems
In a direct (open loop) system, water is circulated directly into
the collector from the storage tank, typically a backup hot
water heater.

Illustration of active
indirect system
Illustration: Florida
Solar Energy Center

ACTIVE SOLAR HOT WATER SYSTEMS
An active solar hot water system uses pumps to move water or
a non-freezing heat-transfer fluid between the collector and the
storage tank. It requires a control system to regulate the operation
of the pump and monitor the overall system. In cold climates
where hard freezing occurs, an active system must be used.
At the heart of most active SWH systems is a flat-plate
collector or evacuated tube collector.

Water is heated by
the sun as it moves
through tubes inside
a well-insulated flatplate collector.

Photo: European Solar
Thermal Industries
Federation (ESTIF),
www.estif.org

Active solar systems usually include a conventional water
heater for backup along with the storage tank. In a two-tank
system, the solar water heater preheats water before it enters
the conventional water heater.
In a one-tank system, the backup heater and solar storage
are combined in one tank.

Active indirect systems
In a closed-loop antifreeze–heat exchanger system, an
expansion tank allows antifreeze to expand and contract as the
temperature changes.
Systems that use antifreeze fluids need regular inspection
(at least every three years) to verify the viability of the antifreeze solution.
Drainback, a simpler indirect system, which can use dis
tilled water or antifreeze as the heat transfer medium, automat
ically drains the collector whenever the circulating pump stops.
Since the collectors will contain water only when the
pump is operating, there will be no fluids in the collector at
night or in the case of a power failure. Having no water in the
collectors could possibly freeze or cool down the system and
delay restart when the sun shines again.
SOLAR-HEATED SWIMMING POOLS
To heat a swimming pool with solar requires solar collector
surface area that is between 60 and 100 percent of the surface area of the pool depending on climate and on how many

www.norcalsolar.org
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Solar Hot Water
Photo courtesy of Sun First!

Solar thermal and PV installation

the PV rebate program, SHW equipment must meet specific
certifications and standards in order to qualify for rebates.
Rebate amounts are determined by a formula that takes into
account the equipment’s rating, the rebate rate, a shading factor, and the orientation of the collectors. The CPUC has posted
information on several websites, including www.cpuc.ca.gov/
puc/energy/solar/swh.htm, www.cpuc.ca.gov/PUC/energy/
Solar/handbook.htm, and www.gosolarcalifornia.ca.gov/.
More resources on SHW are at the end of this article and
on NorCal Solar’s website www.norcalsolar.org.

Diana Young, an Oakland resident and solar enthusiast, provides editing, writing, and graphic design services.
Liz Merry is Principal at Verve Solar Consulting and a previous
Board member and Executive Director of NorCal Solar.

RESOURCES
months of the year the owners wish to use the pool. In general,
more square footage allows owners to have a warmed pool in
cooler seasons.
In pool systems, the swimming pool serves as the storage
tank, and the pool’s filtration pump circulates the pool water
through the collectors. An unglazed flat-plate collector—a
dark absorber plate made of metal or polymer, without a cover
or enclosure—is typically used in solar pool-heating systems. A
pool cover or blanket also reduces heat loss and helps maintain
warm pool temperatures for a longer period. A backup heater
is rarely needed for swimming pools but is required to achieve
the higher temperatures needed for hot tubs and spas.
SOLAR HOT WATER FOR SPACE HEATING
Water heated by solar energy can also be used for space heating. The most efficient method is an in-floor radiant heating
system that sends hot water through pipes embedded in a concrete floor slab. A gas backup water heater is typically incorporated into the system since a house is coldest at night and during the winter months when solar energy is least available. The
amount of solar collector area needed to heat a home through
radiant heating depends on many factors but generally needs
to be 10 to 30 percent of the floor area of the house.

• Solar Rating & Certification Corporation (SRCC)
• Solar Rating & Certification Corporation,
400 High Point Drive, Suite 400, Cocoa, Florida 32926
Telephone: (321) 213-6037,
Fax: (321) 821-0910 www.solar-rating.org/
• Florida Solar Energy Center (FSEC), 1679 Clearlake Road,
Cocoa, FL 32922-5703 , 321-638-1537 www.fsec.ucf.edu/en/
• International Association of Plumbing and
Mechanical Officials (IAPMO),
5001 E. Philadelphia Street, Ontario, CA 91761-2816,
(909) 218-8112, IAPMO.org
• “Heat Your Water with the Sun,” a 17-page booklet by the
US Department of Energy,
http://4dlab.info/energy/energy-heat-your-water-with-thesun.pdf or http://www.nrel.gov/docs/fy04osti/34279.pdf
• US Dept. of Energy’s Energy Efficiency and Renewable Energy (EERE) solar energy websites http://www.energy
savers.gov/your_home/space_heating_cooling/index.cfm/
mytopic=12300
• California Energy Commission (CEC) Consumer Energy Center: http://www.consumerenergycenter.org/renewables
• Sustainable Sources (Austin, Texas),
“Solar Hot Water, Heating, and Cooling Systems,”
http://solarheatcool.sustainablesources.com/
• California Solar Initiative (CSI) Thermal Program,
www.gosolarcalifornia.org/solarwater/
• Ray Darby, www.theenergyguy.com/solar_reliability.html

CALIFORNIA’S PROGRAM TO SUPPORT SHW
The California Solar Initiative (CSI), established in 2006
by the state legislature, set up a consumer rebate program in
some utility districts for installing photovoltaic (PV) systems. In 2010, the California Public Utilities Commission
(CPUC) modified the CSI to include rebates for SHW. As in
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• “Solar Hot Water: A Primer,” by Ken Olson, originally published in Home Power magazine, 2001,
http://homepower.com/article/?file=HP84_pg44_Olson

www.norcalsolar.org
• NorCal Solar. www.norcalsolar.org

Passive Solar Design:
Heating, Cooling – and Retrofitting
BY BRUCE BACCEI
Edited by Elaine Hebert

In the past, native peoples in the hot, dry regions of the southwestern United States survived the severe climate by building
their dwellings from local adobe clays and orienting the dwellings to create shade from and utilize the sun’s energy strategically according to the season. This strategy of building with the
sun was an early form of passive solar design. Fast forward in
time: as the oil crises hit the U.S. in the 1970s, some architects
borrowed from those earlier design strategies and brought
passive solar to the attention of the world. In 1979, architect Ed
Mazria published The Passive Solar Energy Book: A Complete Guide to Passive Solar Home, Greenhouse and Building
Design, which became (and remains) for many designers the
“bible” of passive solar design worldwide. Doug Balcomb, a researcher and engineer at several national labs in the U.S., is also
a pioneer in passive solar, leading detailed research on indirect
passive systems over a long career.
The idea behind passive solar design is to utilize the sun’s
energy, as both heat and light, to reduce or eliminate
• mechanical heating and cooling of interior space,
• gas or electric heating of water for domestic use, and
• artificial lighting during daytime.
Passive solar design includes south-facing glass, thermal
mass, appropriate shading such as overhangs, natural or fanassisted ventilation, high levels of insulation in the building
envelope, and efficient heating and cooling systems where
supplemental heating and cooling are needed.
There are three basic passive solar designs: direct gain,
indirect gain, and isolated gain (Figures 1 and 2).

Figure 1. Illustrations of Direct, Indirect, and Isolated Gain1

s kylights and strikes surfaces composed of certain dense materials — tile, concrete, or other materials known as thermal
mass that store the solar energy as heat. After the sun disappears, the heat is emitted into the space. The sun also provides
natural lighting during daylight hours.
Indirect
gain consists of a
thermal mass wall
with glass on the
side facing the sun.
The outside surface
of the wall is often
black or covered
with a selective surface that has high
absorptivity and
low emissivity (that
is, it holds the heat
rather than emits
it quickly). Solar
energy that strikes
the wall is absorbed then either
conducted through the wall,
with a time delay depending
on the wall’s thickness and
conductivity, or emitted back
toward the glass but captured
within the internal space. The
wall can be constructed with
or without vents. In the 1950’s,
Frenchmen Felix Trombe
and Jacques Michel popularized this design, and these
walls are often called Trombe
walls; however, Edward Morse

In direct gain buildings, solar energy enters through
south-facing windows, glass doors, clerestories, and/or

Figure 2.
Photos of Passive Designs1

1 Archives of the Solar Energy Research Institute (SERI),1980, provided by Bruce Baccei, former SERI employee (SERI became the
National Renewal Energy Lab, NREL)

1 Photographs by Bruce Baccei, Williams House, Evergreen, CO,
1982; Marsh House, Colorado Springs, CO, 1984

www.norcalsolar.org

11

Passive Solar Design

Some Notes on Passive Solar Retrofits in
Dense Urban Areas
The Baccei house has excellent exposure to the sun
on its back side. Ed Nold makes a few general observations about using passive solar concepts in urban
areas:
1. Most of the existing housing stock isn’t designed
with solar heating in mind.
2. Designing and retrofitting homes to be passive
solar in the city can be complicated.
a. Many streets aren’t built on an east-west axis.
b. City lots typically have a long axis perpendicular to the street. If the street doesn’t run eastwest, the sun has to come in over a neighbor’s
house.
c. What happens If a neighbor decides to remodel and add a story that would block his/
her neighbor’s sun? Laws that protect access
to sunlight become very important in cities.
But they don’t eliminate the conflict between
neighbors over access to sunlight.
d. Side setbacks are usually 0-5 feet in the city.
Houses are normally built up to the setbacks.
That leaves 0-10 feet between houses. The
lower floor of the long axis of a two-story
house may not receive any direct sunlight in the
winter. There is nothing that can be done about
that, so passive solar for heating or lighting is
difficult or impossible.
e. A large street tree might block the sun. Even
without leaves, a large tree can block 20% of
the sun.
5. Corner lots on the north side of an east-west street
have the best situation for taking advantage of the
sun. They usually have a long axis exposed to the
sun without the chance that a neighbor blocks solar
access. Street trees could be a problem.

patented this type of wall in the U.S. in 1881.2 The Los Alamos
and National Renewable Energy Laboratories analyzed Trombe
walls in some detail, and their performance can be designed
and predicted with high degrees of confidence.3
Isolated gain systems are generally sunrooms that collect
solar heat and can be selectively closed off from or opened
to the rest of the house or building. They can fluctuate in
temperature more than the rest of building without expending
2 Wikipedia, http://en.wikipedia.org/wiki/Trombe_wall
3 Passive Solar Design Handbook. Volume Two of Two Volumes:
Passive Solar Design Analysis, D. Barley, J. Perry, J. D. Balcomb, R.
McFarland, and W. Wray, Los Alamos Scientific Lab., Los Alamos,
NM, 1980.
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backup energy for heating or cooling. If they are open to the
rest of the building, they may require both moveable shading on the exterior (to prevent overheating) and/or moveable
insulated window coverings on the inside (to keep heat in at
night in winter).
Solar Orientation
Orienting buildings with their long axis running east/west
(long sides facing north and south) is viewed as the best layout
to maximize heat gain in winter and minimize heat gain in
summer. Beyond the common knowledge of the sun rising in
the east and setting in the west (in the Northern Hemisphere),
passive solar designers must also consider the precise angles of
the sun’s movement, placement and orientation of glazing, and
placement of thermal mass and shading devices.
Glazing (Glass)
In the last few years, windows have changed dramatically:
they have become much more energy-efficient. Single-pane
windows and aluminum frames are virtually gone from retail
stores (at least in California). Modern windows actually have
some insulation value — they are more resistant than ever to
heat passing through while still allowing light to pass through.
While high-efficiency windows are a dependable strategy for
minimizing energy used for mechanical space heating and
cooling, for passive solar architecture the blockage of heat defeats the purpose of solar gain through south-facing windows;
therefore, designers must be careful to specify appropriate
windows for the south sides of passive solar buildings.
Substantial Energy Savings
Past studies of monitored passive solar homes with high
levels of energy efficiency reported very low utility bills and
substantial energy savings. Examples of calculated heating
savings (compared to standard homes built to code) for both
new construction and retrofits were, for Boston, 44% savings,
Sacramento 56%, Denver 74%, and Daggett (California) 99%.
Calculated savings for cooling were, for Boston, 33%, Sacramento 56%, Denver 68%, and Daggett 8%. These savings were
conservative using computer simulations that were known to
undervalue the benefits of thermal mass both for storing solar
energy and as a heat sink for summer cooling.4
www.norcalsolar.org
4 B. Baccei and A. Bhargava, ConSol and Building Industry Research
Alliance report to US DOE – for more information, contact Bruce
Baccei, bruce.baccei@smud.org

Passive Solar Design
A Passive
Solar Retrofit
While passive
solar concepts
are most easily applied at the
design phase of
construction, a
great deal can
Figure 3. A “before” photo of the Baccei
be done to add
house (before the start of the passive solar
passive solar fea- retrofit)
tures to existing
buildings, particularly homes and small and medium commercial buildings. Bruce Baccei, the main author of this article,
retrofitted his own home in Sacramento, California.
The Baccei house was typical for Sacramento construction
in 1957, with single-pane windows, little or no insulation in
the walls or ceiling, etc. (see Figure 3) It is a single story house
and has an east-west orientation, with its longer sides facing
north and south. The back of the house faces south. The Bacceis were not happy with the small amount of natural daylight
in their interior space.
But they were knowledgeable about energy and passive
solar strategies and decided to apply them to their home. To
increase natural lighting, they added clerestories on the south
side. This involved cutting holes in the roof and adding dormers (Figures 4-6, 8). In addition, they raised the roof over one
room and installed skylights (Figure 7).
The Bacceis are enjoying a new level of comfort in their
lighter, brighter home, but their retrofit isn’t complete. They
are replacing the original single pane windows with high efficiency windows, and they plan to add attic insulation and seal
and insulate the air ducts. To supplement the home’s heating
and cooling, they are considering installing a ground-coupled
heat pump (a technology used more in other parts of the U.S.,
not much in California; it takes advantage of the constant
temperature of the ground a few feet below the surface) with
radiant floor distribution. They also plan to build another
raised roof with skylights.

Figure 4. One of the holes cut in
the Baccei roof for clerestories.

Figure 5. One of the dormers for
the clerestories under construction.

Figure 6. Both of the clerestory
dormers.

Figure 7. The Bacceis’ raised
roof for holding the skylights.

Figure 8. Photos
of the finished
clerestory dormers
— not very
noticeable from the
street.

Bruce Baccei is Emerging Technologies Project Manager,
Energy R&D, Sacramento Municipal Utility District (SMUD). He
can be reached at bruce.baccei@smud.org.

Photographs of the Baccei house are from Bruce Baccei, Sacramento, CA, 2012

Figure 9. The interior of the Baccei house lit by natural sunlight.

www.norcalsolar.org
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From Passive Solar to PassivHaus
to Passive House
BY ED NOLD
Edited by Graham Irwin and Elaine Hebert

Bruce Baccei’s article on passive solar discusses the features
of passive solar homes and Bruce’s passive solar retrofit of
his own home in Sacramento. In this article we shed light on
a relatively new strategy with a similar name: Passive House,
using PassivHaus standards from Germany.
During the 1970s, the world experienced two oil embargoes by the Organization of the Petroleum Exporting Countries (OPEC) that temporarily but steeply increased the price
of oil. At the same time, many parts of the U.S. were seeing
a boom in housing construction. As a result of the oil shortages, better energy planning became a priority. The California
legislature passed the Warren-Alquist Act that established the
California Energy Commission, which was tasked with tracking energy demand and supply and creating a building code
for energy efficiency. Late in the 1970s, home designers began
to design homes and remodels with fewer or smaller windows,
as glass is a poor insulator. Passive solar design, a strategy that
had been used by early native peoples in the US Southwest and
“rediscovered” in modern times, did not catch on in a big way.
Most of us live in homes that already have some passive
solar features; for example, the sun shines in some of our
window(s) at some time of the day. However, this doesn’t mean
our houses have a high percentage of solar heating.
Lack of Performance Standards
One problem with passive solar design in the past has been the
lack of performance standards, criteria that have to be met to
call a house a passive solar house. How much energy does a
passive solar house save over standard construction? In the
past, it didn’t matter — if the designer called it a passive solar
house, it was a passive solar house. Actual test results varied
significantly.
Superinsulated Homes
At the height of the first oil crisis in 1976, three separate groups
of researchers In Illinois, New England, and Canada conducted
practical research on a different kind of home.
In very cold climates it is difficult to design a passive solar
home that has enough glass (windows) to keep the house
warm in the winter. Two factors work at cross-purposes: the
14
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need for glass, and glass itself as a poor insulating material
when the sun isn’t shining. One solution is to use moveable
insulated shades at night and remove them in the morning.
They have to seal fairly tightly to prevent convection currents
from causing heat loss during the night.
The researchers started building superinsulated homes,
designed with thicker, well-insulated walls to reduce the demand for energy. Heat generated gains from occupant activities, appliances, and lighting could contribute significantly to
heating the house, such that a much smaller amount of glass
facing the sun could suffice for heat gain. Designers in urban
areas began to see the advantages of this approach on city lots
that had minimal sun exposure.
Researchers from the University of Illinois designed and
built the Lo-Cal (Low Calorie) House to illustrate how good
planning and construction detailing could significantly reduce
residential energy consumption. The Saskatchewan Conservation House was completed in 1977 with insulation levels of
R-40 in the walls and R-60 in the ceiling.
The Gene Leger house was built in 1977 in Pepperell,
Massachusetts. Leger’s design included double walls and
extremely airtight construction, although many of his framing details were quite different from those of the Lo-Cal or the
Saskatchewan House.
It required so little space heat that heating requirements
could be met using a regular-sized domestic water heater —
no furnace or boiler. The annual heating bill was $40. Unlike
the Saskatchewan House, the Leger house looked like millions
of conventional American houses and cost only slightly more
than standard construction.
Insulation R-value
“R-value” is a term used to describe a material’s ability to insulate against heat loss. “R” is resistance to
heat passing through. The higher the R-value, the
better the resistance to heat passing through and
www.norcalsolar.org
therefore the better the ability to insulate. In climates
of extreme heat or cold, higher insulation in the walls,
windows, and ceilings helps keep heat in or out.

From Passive Solar to PassivHaus to Passive House
Though these construction strategies were not widely
adopted, they proved it possible to design and build a comfortable house that needed almost no added heat, even in colder
climates.
There are three important concepts demonstrated in some
or all of the three designs:
1. An Extreme Increase in Insulation to prevent heat passing
through walls and ceilings
2. Extreme Air Tightness to prevent unwanted infiltration or
exfiltration of air through leaks
3. Controlled Continuous Ventilation with Heat Recovery to
remove stale air, chemical out-gassing from items brought
into homes, carbon dioxide from exhaling, and any carbon
monoxide or nitrogen oxides in combustion gases from
cooking or space and water heating. A small fan (16 watts)
can provide constant ventilation at a controlled rate to keep
the air fresh. Because there is only one source of incoming
air (if all the doors and windows are closed), all that incoming air can be filtered to trap pollutants and allergens. This
was never possible in a traditionally built home. By putting
a heat exchanger into the ventilator, heat or coolness in
inside air can be captured and reused rather than exhausted
to the outdoors. This can reduce energy losses significantly.
Europe’s PassivHaus Standard
In the late 1980s, Professors Wolfgang Feist of The Institute for
Housing and Environment in Germany and Bo Adamson of
Lund University in Sweden began collaborating. They examined
research from the U.S. on passive solar and super-insulated
houses and from other studies from Denmark and Sweden.
They thought it might be possible to use solar gain, a highly
insulated building enclosure, and heat given off by occupants
and their electronic equipment to keep indoor space at a
comfortable temperature without much additional energy.
They established the PassivHaus (German for “passive building”) concept that required three performance criteria:
1. A maximum yearly heating and cooling demand (for those
who like numbers, the budget is 15 kWh/m2 or 4,755 BTU/
ft2); a typical house built today in the U.S. uses about nine
times this amount).
2. A maximum yearly total source energy budget (120 kWh/
m2 or 38,000 BTU/ft2; source energy includes all the energy
used to create and deliver the energy used on the site).
3. A maximum allowed air leakage (0.6 air changes per hour
(ACH) at 50 Pascals of pressure; a typical house built today
in the U.S. leaks 10 times more).
Dr. Feist founded the Passivhaus-Institut in 1996 in Darmstadt, Germany, to promote the passive building standard and

to certify passive buildings. The PassivHaus often relies on very
energy-efficient triple-glazed windows (Fig. 1).

Figure 1. Schematic of a PassivHaus. Original source Passivhaus Institut,
Germany – http://www.passiv.de. Image released 05 October 2006 under the
GNU Free Documentation License GFDL |A.

PassivHaus certification involves specific documentation,
including accurate modeling via the Passive House Planning
Package (PHPP) that takes into account many more factors
than does the modeling software for meeting California’s
energy codes.
In the past twenty years, over 20,000 Certified Passive
Buildings have been built worldwide. They include homes,
schools, apartment buildings, office buildings, and factories.
Such projects are monitored on a regular basis to insure that
the modeling software is accurate and to verify actual performance. One such project monitored 250 PassivHaus buildings
in the European Union, and their results showed an energy
reduction of 90% on average. This brings us closer to achieving
zero net energy buildings.
The U.S. Experience
German architect Katrin Klingenberg brought PassivHaus to
the U.S. and helped build the first “Passive House” (the English
language equivalent) in North America in Urbana, Illinois, in
2003. Klingenberg established the Passive House Institute US
(PHIUS) in Urbana with builder Mike Kernagis in 2007 to promote the Passive House construction standard in the US and to
train Passive House practitioners.
In 2007, the Passive House-inspired retrofit was completed
in Berkeley and in 2010, the first certified Passive House in
California was completed in the city of Sonoma (www.passivworks.com/Oneill_Retrofit). It was also the first certified
www.norcalsolar.org
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From Passive Solar to PassivHaus to Passive House
Passive House retrofit in the U.S.
There are now at least six Passive Houses in the Bay Area,
with more on the drawing board.
A new exciting Zero Net Energy / Passive Solar / Airtight /
Superinsulated / Solar Water Heated / PV powered home with
R-7 windows, continuously circulating filtered fresh air, and a
furnace the size of a hair dryer is coming soon to a neighborhood near you.
Be on the look-out. Be in the know.

RESOURCES
• The International Passive House Association (IPHA):
www.passivehouse-international.org
• The Passivhaus Institut (PHI): www.passivehouse.com
(click on “english” for a translated version)
• The Passive House Institute US (PHIUS):
www.passivehouse.us
• The Passive House Alliance (PHA): www.phaus.org
• Passive House California: passivehousecal.org
• American Passive House Network (APHN):
www.aphnetwork.org

Ed Nold is Principal of GREENerHOMEreDESIGN;
Graham Irwin is Principal of Essential Habitats.

Transportation:
A Solar Future
BY RON SWENSON

Building upon the enthusiastic reception of their gracefully curved solar parking canopies, Swenson Solar (www.
swensonsolar.com) has joined forces with a Swedish group
to form the non-profit International Institute of Sustainable Transportation (www.inist.org) to create a dramatically new transportation modality, integrating solar (PV)
as the driving force.
Many transportation innovators have designed and
built solar-powered race cars. These vehicles must by
nature be ultra-efficient -- and self-sufficient. Is there a
practical way to apply the lessons from solar car racing
directly to transportation?
Surprisingly, that question is being considered in
Sweden—at 60º north latitude, not exactly the sunniest location. But to survive harsh winters, Swedes have
evolved an intrinsic cultural imperative to think ahead.
Recognizing the dangers of climate change and oil depletion, the city of Uppsala has commissioned the design of a
solar-powered PRT (“podcar”) system—ultra-light small
vehicles suspended under an elevated guideway, topped by
a continuous PV array.
Preliminary calculations demonstrate that the gridconnected solar system will produce sufficient electricity
to power about 7,000 trips per day on a 4 km route, with
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Nerds ‘n Squares Animation Studio, printed with permission.

sufficient surplus in the summer to counter-balance the
entire deficit of the winter months.
Economic payback for the solar system vis-a-vis gasoline is less than 5 years, without subsidies -- the same in
Sweden as in the U.S. One might ask, “How can that be?”
Sweden has half as much annual sunshine... but Swedes
pay twice as much for gasoline.
INIST’s first objective is to stimulate transportation
alternatives that will be functional in a world beyond oil.
Can this challenge also bring about a new form factor
that satisfies other transportation needs? Can we achieve
order-of-magnitude improvements upon thorny issues
such as safety, congestion, noise, accessibility, cost, and
land use? To find out, INIST is launching an international
student competition in late 2012. Learn more at
www.inist.org.
www.norcalsolar.org

Ron Swenson
International Institute of Sustainable Transportation

Passive House Fact Sheet
(Courtesy of Essential Habitat, www.essentialhabitat.com)

Introduction
The Passive House Standard is the highest building efficiency
standard in the world, with the promise of reducing the energy
consumption of buildings by up to 80% while providing
superior comfort and air quality — all at minimized additional
upfront cost. When coupled with renewable energy systems,
such as solar PV, Passive House puts true zero energy buildings
within reach.
History and Origins
The Passive House (”Passivhaus”) concept was developed in
Germany in the early 1990s by Professors Bo Adamson of
Sweden and Wolfgang Feist of Germany. Drawing on superinsulated and passive solar ideas from North America, and
“Low Energy” European building standards, the concept of a
building that could be practically constructed to maintain a
comfortable interior climate without conventional heating or
cooling systems was devised, tested and proven. The Passive
House remains comfortable without large “active” mechanical
systems, hence the term “Passive.”
In 1996, Dr. Feist founded the Passivhaus Institut in
Darmstadt, Germany, to develop and promote the standard.
Since then, more than 30,000 Passivhaus buildings have been

constructed worldwide. The first Passive House in North
America was built in Urbana, Illinois, in 2003 by German architect Katrin Klingenberg. Klingenberg established the Passive
House Institute US (PHIUS) in Urbana, IL with builder Mike
Kernagis in 2007 to promote the Passive House construction
standard in the US and to train Passive House practitioners.
Concept
Passive House is a building approach that relies on a combination of energy efficiency, passive solar, and internal heat gains
to eliminate the need for a conventional heating, ventilation, and air conditioning (HVAC) system. The concept is
implemented through stringent performance standards for
airtightness and energy consumption and verified with a
field-tested energy modeling program, the “Passive House
 ackage” (PHPP). The energy consumption limits
Planning P
are developed through extensive research on climate change
imperatives, economic feasibility, building durability, occupant
comfort, and indoor air quality.
A Passive House is a very well insulated, virtually airtight
building that is primarily heated by passive solar and internal
heat gains from occupants, cooking, bathing, electrical equipment, etc. Control of summer heat through shading, window

Photo courtesy Elaine Hebert
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Passive House Fact Sheet
orientation, and passive ventilation helps to limit the cooling
load. A heat/energy recovery ventilator provides a constant
supply of tempered, filtered
fresh air. Using this “fresh air”
heating and cooling system
When coupled with
not only saves space-conrenewable energy
ditioning costs by “recysystems, such as solar
cling” indoor energy, it also
provides excellent indoor air
PV, Passive House
quality and consistent computs true zero
fort. Any backup heating or
energy buildings
cooling required is provided
by a small source instead of
within reach.
a conventional mechanical
system.
Economics
The economic principle behind Passive House is the realization of a concept by Amory Lovins of the Rocky Mountain
Institute to reduce construction costs through energy efficiency improvements. By dramatically increasing the energy
efficiency of a building, the HVAC system can be downsized to
the point that the mechanical cost savings significantly offset
the efficiency investment. This efficiency “sweet spot” is a basis
for the Passive House performance standard and the key to its
financial feasibility.
Benefits
• Low energy use: Up to 90% less heating/cooling energy use,
60-80% overall energy savings
• High Quality Indoor Air: Controlled ventilation for a continuous, consistent supply of fresh air
• Comfortable Indoor Temperature: 20ºC/68ºF (constant) in
winter, night cooling and optimized shading for summer
• Operational and Construction Savings: Vastly reduced

utility bills; elimination of conventional HVAC system;
much smaller solar systems required to reach zero energy;
durable, tight building shell for lower maintenance, etc.
• Proven Sustainability: 30,000+ buildings worldwide, some
zero and even positive energy (produce more energy than
they need).
Performance Criteria
• Maximum Heating or Cooling Demand: 15 kWh/m2 (1.4
kWh/ft2 or 4800 Btu/ft2) per year
• Maximum Total Source Energy: 120 kWh/m2 (11 kWh/ft2
or 38,000 Btu/ft2) per year
“Source Energy” includes the energy required to produce
and deliver energy to the building. Photovoltaics cannot be
used to directly offset this energy, but are recognized as advantageous from an onsite electrical generation standpoint.
• Maximum Air Leakage: 0.6 air changes per hour at
50 Pascals (ACH50), ~0.03 ACHNAT
Approach
• Accurate climate data and site-specific energy modeling
with the Passive House Planning Package (PHPP)
• Superinsulation of the building envelope (project specific)
• Elimination/mitigation of thermal bridges and insulation
gaps
• High performance windows and doors (project specific)
• Optimized passive solar design (solar gain in winter, shading
in summer)
• Airtight shell with mechanical ventilation and heat recovery
(”recycles” 8-15 times the energy used for ventilation)
Certification Process
• Accurate, compliant modeling with the Passive House Planning Package (PHPP)
• Third party verified blower door test, 0.6 ACH50 maximum
• Record of adjustment of ventilation system
• Declaration of Construction Supervisor
• Photographic Documentation
RESOURCES
• The Passive House Institute US (PHIUS):
www.passivehouse.us
• The Passive House Alliance (PHA): www.phaus.org
• The Passivhaus Institut: www.passivehouse.com
www.norcalsolar.org
(Click on “English” for a translated
site)
• The International Passive House Association (iPHA):
www.passivehouse-international.org
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Solar Cooking — Saving Lives, Creating Fun
BY KARYN D. ELLIS

Did you know… that open fires are the primary means of
cooking across most of the planet? And that cooking fires are
projected to release about seven billion tons of carbon in the
form of greenhouse gases by 2050? With all the deliberation
about health care in the US, it’s eye-opening to hear that close
to 2 million people die prematurely each year from respiratory
diseases caused by the pollution from cooking fires, and that
scientists estimate that smoke from wood fires will cause 10
million premature deaths by 2030 in Africa alone.
Did you also know that women in developing countries
spend up to 8 hours a day foraging for wood with which to
cook? With all of our modern conveniences, isn’t it shocking
to know that, as a result of ongoing deforestation, the majority
of women and girls in rural Africa, Asia, Eastern Europe and
South America are forced to walk miles every day just to find
fuel to cook their meals?
Perhaps more commonly known is that millions of people
(mostly children) die every year from drinking contaminated
water: approximately 1/5 of the world’s population does not
have access to safe drinking water, resulting in an estimated
1.5 million deaths each year. One and a half million!
Yet in most of these regions, sunshine is an abundant
source of energy that can power simple technologies like solar
cookers to not only cook food but also heat water to temperatures that make it safe to drink. Solar cookers are a simple,
inexpensive, and effective technology that can significantly
reduce respiratory infections caused by smoky fires, treat
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Photos courtesy Karyn Ellis.

pathogens in drinking water, reduce deforestation, and enable
women and young girls to work and attend school rather than
spend their days gathering firewood.
But what about in the developed world in which we live,
here in America? When the majority of the population in the
U.S. has access to gas or electric stoves, clean drinking water,
and adequate health care and has absolutely no need to forage
for wood, why should we cook any of our meals with solar
cookers? I offer a few reasons:
1. Independence, Comfort, and Energy Savings: on a warm
and sunny summer day, why heat up an already hot kitchen
by using your oven, when, with a little planning, you can
cook your dinner with an oven outside and consume no
electricity or gas? Ever cook with a crockpot? Ditch it and
slow cook your food outside in the sun!
2. Environment: while we have the ability to use contemporary cooking methods on a daily basis, should we? Do you,
as a concerned citizen, regularly do things to help out the
environment such as driving less, turning off unneeded
lights and appliances, or recycling? Using a solar cooker
eliminates the environmental impact of cooking with your
gas or electric stove or oven.
20
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3. Cool for Camping: solar cookers are perfect for backpacking, are lighter and more environmentally friendly than
propane, and produce no pollution whatsoever. Set your solar cooker in the sun, go for a hike during the day, and come
back to a hot and home-cooked meal, ready and waiting for
you.
4. It’s fun! If you’ve ever cooked with a solar cooker, you know
what an exceptionally cool experience it is to watch your
food cook with the power of the sun, and somehow it tastes
better, too!
Want to try it for yourself? Buy a solar cooker or make one
yourself. It’s a great project for kids! You can find a wealth of
information at the Solar Cooking Wiki (www.solarcooking.
wikia.com or http://solarcooking.wikia.com/wiki/Cookit) and
at Solar Cookers International, www.solarcookers.org. Check
out the CooKit – it’s a simple reflector panel cooker and available via these websites.

Karyn D. Ellis has worked for Solar Cookers International and
Solar Energy International and currently serves as Development Director at NorCal Solar.

RESOURCES
• Environment News Service, “Africa: Cleaner Cooking Fuels
Cut Greenhouse Gases, Save Lives,” April 2005, www.ensnewswire.com/ens/apr2005/2005-04-06-04.html
• U.S. Environmental Protection Agency, “Better Burning, Better Breathing: Cleaner Stoves,” September 2011, www.epa.
gov/sciencematters/august2010/cook-stoves.htm
• Biomass and Bioenergy, “The Effect of Assessment Scale
and Metric Selection on the Greenhouse Gas Benefits of
www.norcalsolar.org
Woody Biomass,” Volume 44, September 2012

Solar Electric System Basics
ORIGINALLY COMPILED BY LIZ MERRY
FOREWORD AND EDITS BY PETE SHOEMAKER
Foreword
The most important thing you need to know about how a
solar electric (“photovoltaic” or “PV”) system works is that you
don’t really need to know how it works—and that’s good news!
When you moved into your house or apartment you signed
up to purchase electricity from the local utility, and you didn’t
need to know how the electricity was made or delivered. Most
PV customers now do the same thing: they sign a contract to
buy reliable electrical power from a company that owns and
operates the power plant, paying for the electricity monthly.
The fact that the power plant is a solar generator on the roof of
their house or business only improves the situation by making sure that the power is clean and delivered more efficiently
because of little transmission losses. And the financial arrangement in most cases provides more control on possible rising
costs than the utility. What’s not to like?
PV is growing rapidly, and one of the main drivers is the
availability of lease-like financial packages, where the homeowner puts little or no money down and pays on a monthly
basis. The vendor company typically designs, installs, owns,
and maintains the system, guaranteeing that it will produce
within a certain range. As of the writing of this article, more
than half the sales nationwide were of this type and that proportion will undoubtedly increase. With California leading the
way, PV is rapidly becoming a mainstream consumer product,
not “alternative” but more and more normal.
Even though you don’t need to know how a solar electric
system works, it’s fun to learn. PV is an elegant technology that
lasts a long time, so let’s take a look under the hood …
History
Photovoltaic technology produces electricity from sunlight.
The first solar-powered satellite was launched in 1958 by Hoffman Electronics, and until the late 1970s PV was used primarily to power space satellites, lights, and small electronics like
calculators and watches. In the early 1990s Germany and Japan
initiated long-term PV-installation incentive programs that
resulted in lower costs for solar power and spurred the growth
of robust PV industries in both countries.
In 2006 California made a major commitment to solar
power by adopting the California Solar Initiative, a ten-year

Understanding kW and kWh
Before understanding how PV produces electricity, it’s useful to understand the terms that describe
electricity use and production. Electricity use is
measured in terms of thousands (k) of watts (W) of
power used per hour, and the unit of electricity is
called a kilowatt-hour (kWh) . The size of a PV system
is described in terms of its capacity in watts (W) or
kilowatts (kW). For example, a common residential PV
system is 2.5 kW (the same as 2500 watts), meaning
that the system has the capacity to produce 2,500
watts in one instant. Over an hour, this system would
produce a maximum of 2.5 kWh (or 2500 watt-hours).

incentive program with the goal of installing 3,000 megawatts
(MW) of PV on the equivalent of one million rooftops. This
program continued solar incentives started in 1998, but this
long-term commitment to support solar is having a profound
effect on the amount of solar installed, though at times it’s
positive and at other times negative.
PV is used extensively in rural areas that are not serviced by the utility grid. These are called off-grid systems.
This article applies primarily to on-grid or grid-tied systems
that are receiving power from an electric utility. For a wealth
of information about both types of systems we recommend
Home Power magazine, http://www.homepower.com, For more
information on PV in general, please visit the U.S. Department
of Energy’s website www.eere.energy.gov/basics/renewable_energy/photovoltaics.html and the Florida Solar Energy Center’s
website, www.fsec.ucf.edu/en/consumer/solar_electricity/
index.htm.
Basic System Operation
When sunlight hits the PV cells, direct current (DC) flows
through the inverter, which converts it to alternating current
(AC). The AC power then flows directly into the building (if
there is demand), or into backup batteries if the system has
them, or to the utility. When the power is flowing back to the
utility grid, the electricity meter turns backward and credits
the system owner’s account.

www.norcalsolar.org
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Figure 1. The elements of a grid-tied photovoltaic system —module,
array, and inverter—are illustrated in this schematic. The system
may or may not include a battery backup (the system in this
schematic does not have a battery). Note that the “PV meter”
is often located inside the inverter, and individual panels are
connected into “arrays.” Courtesy of Sacramento Municipal Utility
District (SMUD)

The Components
PV cells are the core of the system. They are made up of at
least two layers of semiconductor material (usually pure silicon
infused with boron and phosphorous). One layer has a positive
charge, the other a negative charge. When sunlight strikes the
cell, photons from the light are absorbed by the semiconductor atoms, which then release electrons. The electrons, freed
from the negative layer of semiconductor, flow to the positive
layer—thereby producing an electrical current. Since the electric current flows in one direction (like a battery), the electricity generated is called direct current (DC).
Many individual cells are wired together in a sealed
weatherproof unit called a module. There are three types of
PV modules: single crystal, “multi” or “poly” crystalline, and
amorphous silicon (or “thin film”). Each of these PV types is
estimated to last at least twenty-five years. Some even estimate
that forty years is a reasonable expectation. The longevity rating of a module refers to the number of years before the unit
starts producing only 80 percent of its original power rating.
For instance, some modules are warranted to produce at least
80 percent of their full-rated power after twenty-five years.
Instead of stopping production completely, a PV module will
gradually produce less and less power as it ages.
Single-crystal (or monocrystalline) modules are currently
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the most efficient type available, meaning that they produce
the most power per square foot of module. The cells are fragile
so they must be mounted in a rigid frame, and the modules
usually have a polka dot or checkered pattern.
Multicrystalline (or polycrystalline) modules are made
of cells cut from multiple crystals that are grown together in
an ingot. They are similar to single crystal cells in module
structure but slightly less efficient since they require a bit more
surface area to produce the same amount of electricity.
Amorphous silicon modules (e.g., thin film) are made
from cells created by depositing a micro-thin layer of silicon
directly onto a sheet of glass, plastic, or other substrate. Although they are less efficient and require up to twice the space
as a comparable crystalline system, they can be mounted on a
flexible backing, making them easier to transport and ideal for
building-integrated uses, such as roofing tiles or shingles. For
more information on system design see http://www.energyalternatives.ca/SystemDesign/pv1.html.
Other PV technologies are constantly under development.
Modules are wired together into a PV array, and the
electricity they produce is fed through an inverter or multiple
www.norcalsolar.org
inverters that change the direct current (DC) into alternating
current (AC), making it suitable for homes and business, and
compatible with the electric grid. The inverter is the major
electronic appliance associated with a grid-tied PV system.
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You should expect an inverter to function for at least ten
years, with some current products offering warranties of 15
years and more. The actual longevity depends on the location
of the inverter (the hotter the temperature, the shorter the
lifespan) and whether or not regular maintenance is carried
out. A humid environment will affect the lifespan as well. The
ideal place to install an inverter is in a cool, dry, and preferably
air-conditioned environment.
Types of systems
There are grid-tied systems with and without batteries, and
also stand-alone or off-grid systems.
Grid-tied systems are connected to the utility grid and
feed the PV-generated electricity through the inverters and
into the home for direct use, with any surplus power fed back
into the utility grid for credit against future use. The current
net-metering law in California requires retail-priced financial
credit for each kWh sent into the system by the PV equipment.
Grid-tied systems typically have no batteries and depend on
the utility grid to function properly. They may also have battery backup in order to function in the case of utility blackouts.
Off-grid systems are not connected to the utility grid and
always have a battery backup component if power is needed
when the sun isn’t available. With a battery backup system, the
inverter first sends DC to charge a bank of batteries. When the
batteries are full, the system begins sending AC to the power
panel for use in the home or business (or occasionally an entire
home might run just on DC).
Steps for Considering Solar PV
The best way to assess PV for your home or business is to
get a few free bids from reputable PV contractors (see “Finding and Choosing a Professional Solar Contractor” on p. 41).
These professionals will go through the analysis steps below
and design a system appropriately sized for your location and
usage. They will also give you a range of financial options (see
How to Pay for a Solar System on p. 32).
STEP ONE:
Installation Issues— Shade, Direction, Tilt, Space, Weight
First, do you have a good installation location? In the Northern Hemisphere, you are looking for a south-facing unshaded
space (usually on your roof, but ground-mounted is an option
where land is available). You can install the array facing west
or even east, but north-facing systems are not advisable due to
little exposure to direct sun.
For shading analysis, pay attention to trees that may grow
tall enough to shade the system over the next thirty years.

What is net metering?
Net metering measures the difference between the
electricity you buy from your utility and the electricity
you generate using your own solar (or wind) equipment. Your meter keeps track of this difference as you
generate electricity and take it from the electricity
transmission grid. When you generate more than you
use, your electric meter spins backwards! This directly
reduces your electric bill.

Am I Eligible?
You are eligible for net metering if you are a residential or small commercial electricity customer in California and generate at least some of your electricity
using solar or wind energy, or a combination of both,
with a system capacity of one MW or less.

How Does Net Metering Work?
Net metering is a special metering and billing agreement between you and your electricity service provider (ESP). If you generate more electricity than you
use, the excess goes through your electric meter and
into the grid, spinning your meter backward. Your meter shows the net amount, measured as the difference
between the electricity you generate and the electricity you purchase from your utility or ESP.

How Will I Be Billed under Net Metering?
Your utility will continue to read your meter monthly.
Under a Net Metering agreement, you will receive a
monthly statement indicating the net amount of electricity you consumed during that billing period. Once
a year on the anniversary of your agreement, you will
be billed for the net electricity you consumed for the
previous twelve months, although you may request
the option of monthly billing. Your utility is required
to pay you or credit your account for your excess
generation each year, but at a lower rate than retail.
The details will be explained by your solar contractor
and the local utility.

Also, be aware of solar access laws that protect your access to
sunlight. In most cases (at least in California), municipal and
homeowner association restrictions are not legal. Check your
local ordinances to see if your solar access is protected from a
neighbor’s remodel or growing trees.
If you have tall trees that are shading your ideal installation location, adjust your location. The trees are probably
on the south or west side of your home and are providing
www.norcalsolar.org
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Sample Photovoltaic System – An Overview
A typical 2.5 kW residential-sized PV system will
• require 250 square feet of unshaded south-facingspace to mount the system (in many cases, facing
southwest, southeast, or even west can work)
• weigh 3 - 5 pounds per foot
• produce 50 to 80 percent of the homes’ electricity
• require a local building permit and a special agreement with your utility to connect to the grid
The system should last thirty years or more and
provide a major hedge against future increases in
electricity prices, which rose 3 percent a year on

average in PG&E’s territory over the last thirty years.

significant energy savings by shading the building on hot days.
There is no need to sacrifice a natural energy-saving feature for
a high-tech energy gain.
If a potential site for a PV system receives even partial
shade, we recommend you do a solar site assessment. A solar
professional or trained homeowner can use tools such as the
Solar Pathfinder and Solmetric SunEye to determine how
much shading will occur and when.
From this, she or he can determine the expected effect of
the shading and whether to adjust the system design or components accordingly.
Since the modules are at maximum production when
sunlight hits at a perpendicular angle, the most productive
tilt angle will be the latitude of the installation. But because
of cost, visual appeal, and utility time-of-use (TOU) rates,
most systems in California are tilted at a lesser angle, often the
pitch of the roof (see Glossary in this Guide for a definition of
TOU). The system installer will recommend the most effective
installation for your particular situation.
An alternative to mounting PV modules as non-moving
systems on roofs or the ground is to use a tracking mount.
Trackers rotate to keep the modules facing the sun for more
hours than stationary systems, thus allowing a smaller PV system – the system produces electricity for more hours in a day.
Single-axis trackers rotate around one axis, usually a northsouth axis that allows the panels to follow the sun from east
to west. Double-axis trackers also adjust for seasonal differences in the sun’s position in the sky. The gain in output from
tracking varies with the site’s latitude and local conditions
- increases of 10 to 40 percent annually are possible. The solar
array must not be significantly shaded early and late in the day
when the tracker achieves its greatest gain over a stationary
system. With grid-connected systems, the gain in summer late
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in the afternoon is especially advantageous if the system is on
time-of-use metering.
A high-efficiency system (single or poly crystalline)
requires approximately 80 to 100 square feet for every 1,000
watts (1 kW) of modules. Less efficient thin-film modules
require up to twice as much space, but are somewhat more
effective in semi-shaded or lower light locations and in high
heat. Since a standard residential system size is 2–3 kW, the
space requirement for a standard residential PV system is 200
to 300 square feet. The highest efficiency modules weigh 3 - 5
pounds per square foot with mounting hardware, while thin
film modules may be much lighter, especially if they are part of
the roof structure itself (building-integrated PV).
STEP TWO:
Know Your Current Energy Use
The second step is to look at your electricity bills over the past
year to understand your electricity use. Most utilities have a
tiered pricing system. You pay a certain price [usually cents per
kilowatt-hour (kWh)] up to a specific base number of kilowatt-hours determined by the utility; if you use more than this
base amount in a month, you pay a higher rate per kWh for the
overage. Some utilities have multiple tiers; in California, this
rate structure is aimed at encouraging energy conservation.
To the extent that PV-generated electricity replaces the more
expensive electricity in the higher tiers, the return on investment in PV is higher.
Sizing Your System
Generally people with grid-tied systems choose to install
enough PV to produce between 50 and 80 percent of their
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Figure 2. Students from a class on PV stand with their roofmounted installation. Photo courtesy Karyn Ellis.
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projected demand over a year, because the savings from timeof-use metering help eliminate an additional fraction of their
electric bill. Additionally, it’s usually possible to reduce ten
to 30 percent (or more) of your energy use by implementing
basic energy-efficiency measures.
The general rule for estimating PV system size is that
1,000 watts of system capacity (1 kW) produces between 135
and 150 kWh per month, on average. So, if your monthly electricity use averages 700 kWh
(slightly less than the average
for a northern California
It is generally not
home), a 2 kW PV system
advisable to oversize
would produce close to 50
your system—
percent of your electricity per
month, on average.
installing one that
Here are the main factors
produces more
to consider:
annual energy than
1. Energy efficiency measures
you use.
that could lower your usage;
2. The total usable and unshaded roof or ground space;
3. Any potential increase in
usage (such as an electric car you’re planning to buy or any
additional items that plug in);
4. The feasibility of going on a time-of-use (TOU) rate (most
people will benefit from this with a PV system).
It is generally not advisable to oversize your system—installing one that produces more annual energy than you use.
The maximum recommended size, after energy efficiency is
accounted for, is around 90% of usage without a TOU rate,
and about 80% with a TOU rate. As you size your system, you
should consider “economies of scale” that can decrease your
cost per kWh if you think you might increase the size of the
system later. For example, inverters are sized in terms of their
maximum capacity to process the DC power coming from
the PV. If you are installing 3kW of modules initially, you
may want to consider a 5kW inverter in case you want to add
modules to your array later. PV systems are modular in nature.
The cap to production is the inverter, meaning that a 2.5 kW
inverter can’t process more than 2,500 watts of AC. If you are
unsure whether you need or can afford the larger system but
may want to add on in the future, you could either upsize your
inverter in the initial installation and add solar modules later,
or install a system with micro-inverters that will allow you to
add any number of panels in the future as needed. (See the
article Back-of-the-Module Technology in Grid-Tied PV Systems in this Guide for information on micro-inverters.)

Why would you not install the largest PV system possible
for the space you have available? One reason is that up until
recently, you would not be compensated for electricity you
generate in a year’s time over what you used in that year —
the utility would not buy the excess from you. On a daily or
monthly basis, if you produce more than you use, it spins your
electric meter backwards and directly reduces what you pay the
utility. However, over a year, the utility (in California and some
other states) tracks your production and use; if you generate
more electricity than your building used in that time, you donate the excess. One large caveat here: the rules are evolving. In
some places, the utility might buy your excess. In other places,
you might receive compensation for every kWh you generate; this compensation system started in Germany and has the
strange name of “feed-in tariff ” (FIT). It behooves you to learn
what is available to you locally.
One final note: labor costs for installing a small PV system
may be nearly as much as for a large system. It’s worth remembering that your PV provider is likely to offer you a better price
per kW installed to put in a 5 kW system all at once, rather
than installing the first 2.5 kW this year and coming back to
install the second half a few years later.
STEP THREE:
Selecting and Working with Your Installer
The third step, once you know how much electricity you use,
you’ve identified an installation location, and you’ve calculated
the likely cost range, is to call PV installers for a quote. (See
Finding and Choosing a Professional Solar Contractor in this
Guide.) We recommend at least three quotes. Note that leasing
a PV system is now an option and growing in popularity (How
to Pay for a Solar System on p. 32).

Figure 3. A ground-mounted PV system.

Photo courtesy Karyn Ellis.

www.norcalsolar.org

25

Solar Electric System Basics
Maintenance
Here are a few of the major benefits of PV for both
residential and commercial applications:
• Reducing long-term utility costs. Electricity in the
PG&E utility region has increased an average of 3
percent a year over the last thirty years. Having your
own electricity generation helps buffer against price
increases.
• Environmental and social benefits. In California,
extensive use of PV will offset the need to build new
natural gas–powered “peaker” electricity plants.
These plants are designed to come online during the
peak periods of energy demand (i.e., hot days when
the air conditioning load is particularly high) in order
to stabilize the electricity grid. The more that PV
systems are reducing the peak demand, the fewer
peaker plants will be burning natural gas, which
releases global-warming carbon dioxide (CO2) into
the atmosphere.
• Reliability. PV technology is very reliable and has
been tested for more than thirty years in both
laboratory and real-world applications. There are no
moving parts to the basic system components.
• Availability of state and federal incentives. The
initial investment in a PV system is significant—however, financial incentives are often available at the
federal, state, and sometimes local government
levels. The U.S. Department of Energy, through
the North Carolina Solar Center, tracks renewable
energy and energy efficiency incentives across the
U.S. — visit www.dsireusa.org/.
The federal tax credit is 30 percent of the cost,
with no cap, and for commercial customers there is
also a five-year accelerated depreciation schedule.
Both commercial and non-commercial PV customers
benefit significantly from California’s net metering
laws and time-of-use rate agreements (available in
most utility areas).

There are several online analysis tools against which you
can gauge the estimates of costs and benefits provided by your
installer. Among them is the Clean Power Estimator (see Tools
in the Resources section of this Guide).
Monitoring Your PV System’s Performance
Virtually all inverters have a digital readout that toggles
through electricity production data, and you can check it any
time. It may be more convenient to send that data to a software
tracking program that you can access online. Most purchased PV systems, and all leased systems, come with internet
monitoring as standard, but confirm it with your installer if
you want to track your system’s performance.
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Read the owner’s manual for all your PV equipment. This is
the ultimate authority on maintaining your particular modules
and inverter.
Cleaning the array
Dirt and dust do accumulate on PV modules, especially in
areas that don’t receive heavy rains. Some experts contend that
dirt-covered modules don’t lose much production capacity and
advise against cleaning the system more than once a year. Many
PV system owners, however, notice an increase in their kWh
production after cleaning the modules. And if the array is visible from the street, they enjoy the aesthetics of a clean system.
The equipment manual will provide a suggested cleaning
regimen and instructions on how to clean the modules. Some
enterprising PV owners install a sprinkler tube along their roof
ridgeline so that rinsing off the array is as easy as turning on
the garden spigot.
Inverter maintenance
Inverters are much like a desktop computer except they are
processing hundreds of volts of power for five to ten hours a
day. The unit starts automatically when there is enough sunlight to run minimum voltage through it.
Install your inverter in as cool and dry a location as is
available, and protect it from direct sunlight. Try to minimize
dust and cobwebs on it, as these inhibit cooling of the electric
components.
Conclusion
PV technology is a great way to reduce production of global
warming gases, shield yourself from increasing electricity rates,
and enjoy the fact you are using clean power from the sun. For
more information, and to meet others who have invested in PV
technology, consider joining NorCal Solar. If you have questions about this article or any information in this guidebook,
please contact us at info@norcalsolar.org.

Liz Merry is Principal at Verve Solar Consulting and a previous
Board member and Executive Director of NorCal Solar. Pete
Shoemaker is a NorCal Solar Board member and an educator
at PG&E’s Pacific Energy Center. Thanks to others who have
contributed to this article in previous editions of the Solar
Energy Resource Guide.
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Fire Safety for Solar Electric Systems
BY CAPTAIN MATTHEW PAISS and PETE SHOEMAKER
PV systems supply electrical power to homes and businesses,
just like utilities do, so they must be subject to similarly strict
safety regulations. Electrical equipment that is not properly
installed can cause potentially lethal shocks or fires. It’s the job
of the local building inspectors to see that systems are installed safely, so the plan checking and permitting procedure is
crucial. Therefore rule #1 is to make sure that your contractor
has obtained a signed-off permit from the local jurisdiction, or
for a self-installer, that you do the same. Installing a PV system
without a permit is not only illegal but very dangerous.
Even though fires started by PV systems are extremely
rare, any fire is one too many, and strict safety procedures must
be followed and continually updated to address new technology. If there is a fire in a PV home, it will most likely start from
some other source, but in any case the existence of the PV
system is of concern to firefighters.
One of the first things firefighters do when arriving at a
burning home is to disconnect the electrical power from all
sources. With a PV system the disconnect is typically in or
near the inverter, but throwing that switch shuts off only the
AC side, the side after the DC current is inverted. The solar
modules will be electrically live as long as light is shining on
them, so they can still be producing DC current even after the
system is “disconnected.” On a sunny day this current can be
high voltage and very dangerous.
After disconnecting the power, firefighters will often cut
a hole or multiple holes in the top part of the roof to vent the
heat and smoke inside. This can put them in contact with PV
modules that are producing significant current and voltage, so
it’s clear why regulations are needed and why fire departments
work with local jurisdictions with regard to PV permits.
Fire regulations are created for life safety issues. With
regards to PV installations, they address three basic areas:
1. Marking of conductors, disconnect switches, and combiner
boxes.
2. Setbacks of solar arrays for emergency access or egress to
allow firefighters rapid access on and off a roof.
3. Documenting the location of DC conductors within an
attic. This ensures that the conductors are not in a location
that could become damaged by saws in the event of ventilation operations.
Fire Code Enforcement

Fire Code (Sec 605.11) as well as the National Fire Protection
Association NFPA1 Fire Code (Sec 11.12). As it may be some
time before these are adopted by each local jurisdiction, there
Example: San Francisco Fire Setbacks for a Pitched Roof
may continue to be inconsistencies
in regulations.
Therefore it
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the roof, which is
usually the best place for modules, and the loss of that prime
space can make a difference in the size and production of the
system. Side paths and access requirements on flat roofs can be
similarly limiting. Also, requirements with regard to maximum
voltage after the system is de-energized may change the type of
inverters and other technology used.
The local planning jurisdiction will likely have guidelines
for PV plan submissions that include the applicable fire regulations, so make sure your contractor, or you as a self-installer,
checks these first.
Captain Matthew Paiss, Training Officer, Bureau of Field
Operations, San Jose Fire Department.
Pete Shoemaker, Renewables Program Coordinator, PG&E
Pacific Energy Center

RESOURCES
• UL Grant-Funded PV & Firefighter Safety Project:
http://www.ul.com/global/eng/pages/offerings/industries/
buildingmaterials/fire/fireservice/pvsystems/
• A video on basic awareness of residential PV for firefighters:
http://flashovertv.firerescue1.com/Media/3011-Solar-Photovoltaic-Safety-for-Firefighters-2011/
• California Dept. of Fire Protection and Forestry on PV, including a training program and installation guidelines:
http://osfm.fire.ca.gov/training/photovoltaics.php

PV system installations are addressed in the 2012 International
www.norcalsolar.org
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Back-of-the-Module
Technology in
Grid-Tied PV Systems

Micro-Inverter

BY SEQUOYA CROSS

Main Service Panel

Solar Modules

Grid Meter

DC Power Optimizers
Inverter

The most common configuration for PV systems is to have
many individual modules sitting in the sun and batched together
electrically (usually wired in series) so that a single wire comes
from the array carrying DC current to the inverter to become
AC current. Two new options have emerged: having a small
inverter (called a micro-inverter) at the module or a series of
DC power optimizers that run to the central inverter. These options are best used in arrays that have shading issues or varying
module specifications (mixed modules). The new configurations allow monitoring of module-level maximum power point
tracking (MPPT) and system performance and often result in
additional electricity output over the life of the systems.

additional wiring is required. A graphical representation of the
solar array provides information on the status of each module.
A significant benefit to module-level monitoring is being able
to quickly pinpoint under-performing modules for warranty
issues and soiling concerns.

Micro-Inverters

DC Power Optimizers

Among the disadvantages of the traditional configuration
are limits on scalability, limitations in string sizes, shading
concerns that reduce electricity output over an entire string of
10 to 14 modules, and the need for high-voltage DC wiring.
Micro-inverters mount easily behind a solar module and convert DC output into grid-compliant AC power at the module.
This simplifies the installation, increases efficiency, and avoids
high-voltage DC wiring and the requirements for DC switchgear. Micro-inverters also allow homeowners to add to the
system as their budget allows, starting small and growing the
system over time with near “plug-and-play” ease.
Several options are available. Depending on the wattage of
the module, a system owner will want to choose the microinverter that maximizes the performance output to avoid “clipping” (make sure that the inverter is rated above the modules’
true output after de-rating for temperature and efficiency
losses). With micro-inverter systems, each module’s maximum
power point is achieved within the array, meaning that as the
sun crosses over the array or as clouds pass across the sky, the
modules’ performance will increase and decrease; however, an
entire string’s performance is not jeopardized. This can equate
to significant gains in overall system performance over time.
Many micro-inverter systems collect information for
each solar module in an owner’s system and transmit data to a
computer interface, where owners can monitor system performance. Most transmit data over the existing power line, so no

Another back-of-the-module technology incorporates a DC
power optimizer box at each module. These boxes are wired to
each other in long strings and then finally to a string inverter at
ground level. Similar to micro-inverters, they offer advantages
of module-level power point tracking and eliminate concerns
of performance loss due to shading and soiling of a single
module within a string. Efficiency gains over the life of the
system are also realized. The major difference between microinverters and DC power optimizers is that with the optimizers,
the conversion from DC to AC is not happening on the roof,
DC power is still carried to the integrated string combiner at
the inverter, and the final conversion to AC power is done at
ground level, similar to the traditional string inverter.
These systems are also scalable, typically starting as low as
eight modules, and allow for the homeowner to add additional
modules one at a time up to the allowable string and inverter
limitations. Module-level monitoring is provided without the
need for any additional hardware and typically without any
additional costs.
Both of these types of systems are much easier and safer
to install and eliminate a lot of the sizing equations needed in
traditional string inverter systems.
www.norcalsolar.org
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Main Service Panel
Grid Meter

Solar Modules

GRID-TIE USING BACK OF MODULE TECHNOLOGY

Sequoya Cross is Co-Owner and Vice President of Sales and
Marketing at Backwoods Solar and serves on NorCal Solar’s
Board of Directors.

Payback and Other Financial Tests
for Solar Electric Systems
BY ANDY BLACK
How to calculate the return on your solar electric
system investment before you buy.
For years, earnest questions about returns on the investment in
a solar electric system were dismissed with the retort, “What’s
the payback on your swimming pool, granite countertop or
SUV?” That sentiment might speak to the converted, but for
most people considering a solar energy system, the financial
case is a major deciding factor.
Fortunately, photovoltaic (PV) technology has matured
such that the payback question can now be given a serious answer, backed by solid math and accounting. The answers vary
significantly by local climate, utility rates and incentives. In the
best cases in California, the compound annual rate of return is
well over 10 percent, the cash flow is positive, and the increase
in property resale value more than covers the cost of the PV
system. In other parts of the country where electric rates are
low and incentives may be less, a grid-tied system may barely
cover its maintenance costs.
This article focuses on residential analyses for homes in
Northern California’s PG&E utility territory. Similar calculations can be done for commercial situations, but significant
differences in the tax and accounting rules exist. See the
resources mentioned at the end of this article to learn more
about commercial analyses.
What Factors Improve Payback?
The most important factors for making solar an attractive
investment include high electric rates, financial incentives, netFigure 1.
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metering policies and good sunlight (available in almost all of
the continental United States).
High electric rates can come in various ways. California
has a tiered pricing system penalizing large residential users
with prices as high as $0.34 per kilowatt-hour (see Fig. 1).
Under net-metering laws, solar energy offsets the retail
cost of the electricity generated. Even better, in California, solar
systems are allowed to operate on a time-of-use rate schedule,
which enables users to sell back electricity to the utility at peak
rates, which can be even more valuable. Time-of-use rates vary
electricity price by time of day, with the higher rates occurring
during times of shortage, when the utility must pay more to
purchase electricity from generators. Solar tends to produce its
electricity during these higher rate periods. These high rates
are the most important factor in improving the payback.
Direct incentives can include tax benefits such as credits
or depreciation. The most celebrated recent incentive is the
federal tax credit for solar systems that went into effect Jan. 1,
2006. The credit is for 30 percent of the system cost. This credit
can be coupled with state, local, and utility incentives. One
such popular incentive is the California Solar Initiative (CSI)
rebate, which can discount up to an additional 5-15 percent of
the system’s cost. Consult a certified tax advisor to check the
applicability of such incentives to your situation.
A big factor in the economics is inflation in electric rates
(see Fig. 2). Solar is an inflation-protected investment, because
it offsets electricity costs at the current prevailing retail rate. As
rates rise, the owner saves even more.
Newer forms of direct incentives are PBIs (performancebased incentives) and RECs (renewable energy credits, or
“green tags”). Both incentives are paid on a per-kilowatt-hour
basis. Unlike rebates, they don’t help reduce the up-front cost,
but they do increase the cash payments received after
Figure 2. Rates
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commissioning the system. Payments can be as much as $0.05
per kilowatt-hour for five years for the PBI, and between $.01
than $0.03 per kilowatt-hour for a five-plus-year contract on
RECs if the system size is large enough (usually at least 10 kW).
Because these payments often can be combined with netmetering value, the PV system is capable of garnering
substantial revenue per kilowatt-hour generated.
Determining the Payback

Fig. 4 highlights the difference in the curves in Fig. 3. This
figure shows the net annual savings — old bill minus new
bill, loan, maintenance and inverter-replacement costs — and
shows the effects of inflation over time.
Table 1 includes several examples showing the initial
monthly cash flow, assuming 100 percent financing of a solar
system’s final net cost.
An Increase In Property Resale Value occurs in homes
with solar electric systems because these systems decrease utility operating costs. According to a 1998 Appraisal Journal article
by Rick Nevin and Gregory Watson, a home’s value increases
$142/mo
$20,000 for every $1,000 reduction in annual operating costs
from energy efficiency. See http://www.ricknevin.com/uploads/
Nevin_2010_Energy_Policy_Author_Manuscript.pdf.
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$142/mo
system are as follows: compound annual rate of return, cash
flow and increase in property resale value. In strong economic
cases, the annual returns will be over$59/mo
10 percent, the cash flow
positive and the increase in resale$44/mo
valuebillgreater
at top ofthan
Tier 1system
cost. These are common returns in PG&E territory.
$44/mo bill at top of Tier 1
Fig. 6. Resale Value Increases over time due to solar until limited by
Compound annual rate of return, or Annual Percentage
Fig. 1. Tiered rate pricing penalizes large users most with a
remaining system lifetime savings.
Yield (APY), on an marginal
investment
is another
forThe
interest-rate
electricity
cost up to term
34¢/kWh.
combined green
Fig. 6. Resale Value In
& red areas
show the
customer’s
total usage
(equal to his
Fig. 1. Tiered rate pricing penalizes large users most with a
remaining system lifetim
California
Electric
Rates:
30toYears
yield, which is a way
of
comparing
one
investment
another.
	
  
marginal electricity cost up to 34¢/kWh. The combined green
usage
16 before solar), and the relative value in each tier. Solar
& red areas
show the
customer’s
total usage
(equal to his
energy
offsets highest
tier
usage
first, making
the solar
For example, a savings
might
pay
1 percent
interest
California
Electric
Rates:
30 Years
Residential
14 account
	
  
usage
customer look like a small user, with a lower marginal cost.
16 before solar), and the relative value in each tier. Solar
12
and the long-term stock market has
paid
Small
Busabout 8.5 percent.
energy
offsets
highest
tier
usage
first,
making
the
solar
Residential
14
	
   10
customer look like a small user, with a lower marginal cost.
Solar systems incents
California
can often see a pre-tax equivalent
12
Small Bus
8
per
	
   10
APY of 10 percent
or more.
6
cents
kWh
California Electric Rates:
per 308Years
Several examples 4are shown in Table 1. For
16more detailed
6
kWh
2
14
Residential
information on these and
the
subsequent
calculations,
see
the
4
0
12
Small Bus
2
1970
1980
1990
2000
articles at www.ongrid.net/papers.
10
cents of 6.7% per year from
0
Fig. 2. Rates had gone up an average
8
The cash flow
be but
positive,
either immediately
or to
2000Without Solar
per
1970will
to 2001
have moderated
to 2.2% from 1990
Fig. 3.1970
Inflation’s Effect1980
on Loan Costs 1990
Versus Electric Costs
6
Figure
3. Inflation’s
Effect
on Loan
Costs
2010.This article assumes inflationkWh
will be 3% going forward.
Fig. 2. Rates
had gone up
an average
of 6.7%
per Versus
year fromElectric Costs
within the first few
years, for many homeowners
4 who finance
Without
Solar
1970
but have moderated to 2.2% from 1990 to
Fig. 3. Inflation’s Effect on Lo
	
   to 2001
	
  
2010.This article assumes inflation will be 3% going forward.
their solar systems
using home equity loans. 2
0
	
  
1970 savings
1980
2000
	
   1990
The cash-flow calculation compares the estimated

on the electric bill to the cost of the loan. Monthly loan cost is the
principal plus interest payment required to pay off the loan, less
any tax savings. In the case of “deductible” loans, such as home
equity-based loans, the interest is usually tax-deductible and thus
the loan effectively costs less. Home equity loans are also excellent
sources of funds because interest rates on real estate-secured loans
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Payback and Other Financial Tests for Solar Electric Systems
The rationale is that the money from the reduction in
operating costs can be spent on a larger mortgage (by the next
owner) with no net change in monthly cost of ownership.
Nevin and Watson state that historic mortgage costs have an
after-tax effective interest rate averaging around 5 percent. If
$1,000 of reduced operating costs is put toward debt service at
5 percent, it can support an additional $20,000 of debt. To the
borrower, total monthly cost of home ownership is identical.
Instead of paying the utility, the homeowner pays the bank, but
the total cost is unchanged.
See the column labeled “Appraisal Equity Increase” in Table
1 for examples of the increase in home value. This increase can
effectively reduce the payback period to zero years if the owner
chose to sell the property immediately, and it removes the purchase risk. It could even lead to a profit on resale in some cases.
In April 2011, Hoen & Wiser of Lawrence Berkeley Lab
(LBL) published a report detailing evidence that solar homes
were in fact actually selling for approximately what Nevin &
Watson estimated they should. They reported data on 1,894
PV home sales compared to 72,000 non-PV homes. They concluded a PV retrofit adds between $3.90-$6.40 per DC watt of
system capacity, or at a ratio of between 14:1 and 22:1 compared to estimated savings. The study can be found free online
at: http://eetd.lbl.gov/ea/emp/reports/lbnl-4476e.pdf.
PV systems should also appreciate over time, rather than
depreciate as they age. The appreciation comes from the
increasing annual savings the system will yield as electric rates
and bill savings rise. All the calculations in this article assume
annual electric rate inflation will be 3 percent. If so, the PV
system will save 3 percent more value each successive year, and
thus gain from the 20:1 multiplier effect. The property resale
value will then increase 3 percent per year compounded.
This appreciation cannot continue forever, as the increase
in resale value runs into the second limit, which relates to
the system’s remaining life. For these analyses, the system is

a ssumed to be worthless at the end of 25 years. This estimate is
conservative, since the panels are warranted at 25 years to work
at 75-80 percent of their “as-new” capability. If the system is
worthless at the end of 25 years, the only value the system has
as it nears that time are the savings it can generate before the
end of the 25th year. Fig. 5 shows both the increasing property
resale value due to increasing annual savings and the remaining-value limitation that takes over at approximately year 10.
Creating Markets That Reward Investment
For more information on calculating photovoltaic system
economic analyses and to see the analyses in this article explained in more depth, access http://www.ongrid.net/papers.
Additional resources are listed in the sidebar, “Payback Calculators and Resources.” Be aware that some tools don’t account
for tiered or time-of-use electric rates in interaction with PV
production, and as such, their results may over- or underestimate the value of a PV system in a particular situation.
Solar has finally come into its own in certain markets. These
markets are exploding because individuals are discovering the
financial benefits of owning PV systems in those regions. In
order to encourage widespread adoption of solar energy, we
need to empower everyone with this knowledge and expand the
components that make it possible — tiered rates, time-of-use
net metering, renewable portfolio standards with solar requirements and RECs. Market forces will take it from there.
Andy Black is CEO of OnGrid Solar, providing solar financial
analysis & sales tools. He serves as a board member of the
California Solar Energy Industries Association and on the Advisory Board of NorCal Solar. Contact him at 408.428.0808x1 or
http://www.ongrid.net. Black regularly teaches and consults on
“Payback on Solar Electricity” for many audiences.

Payback Calculators and Resources
Some tools for estimating photovoltaic system payback.
• Database of State Incentives for Renewable Energy:
http://www.dsireusa.org
• The Clean Power Estimator: http://www.gosolarcalifornia.org/tools/clean_power_estimator.php
• OnGrid Solar Financial Analysis Calculator:
http://www.ongrid.net/payback
• QuickQuotes: http://www.clean-power.com
• PV Watts: http://rredc.nrel.gov/solar/calculators/
PVWATTS/version1/
• RETScreen: http://www.retscreen.net
• Solar Energy Industries Association Guide to Federal
Tax Incentives: http://www.seia.org
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How to Pay for a Solar System
BY ANDY BLACK

In addition to the traditional ways to pay for a solar system,
using cash or a conventional home equity type loan, there is
a growing list of other ways to finance the system, including
Third Party Financing with Leases and Power Purchase Agreements (PPAs), and in some cases, Property Assessed Clean
Energy (PACE) funds.

	
  
	
  

Cash
Cash is usually the lowest cost way to acquire a system since
there is no cost incurred to use “other people’s money. ”
However, not all customers are able to pay cash for a $10,000
to $50,000+ solar system, so financing using other people’s
money becomes an essential part of the transaction.
The cost to use other people’s money depends on the
customer’s credit quality. The better the credit, the lower the
cost to borrow, and the greater the willingness of the financier
to lend. The cost will also depend on how much risk others
are being asked to take — the more risk the solar user sheds
to the financier (and the financier’s associates), the greater the
amount the financier will charge for the use of their money.
The benefits of financing include allowing a purchase and
sale to be possible, allowing a customer to shed some of the
risk of going solar, and allowing a customer to mostly fix and
hedge his/her future energy costs by exchanging a monthly
electric bill, which is subject to inflation, for a monthly financing payment, which is not. Financing can often result in a
lower monthly net total cost, thereby improving the customer’s
monthly cash flow because the savings on the electric bill are
greater than the sum of the costs.
Home Equity
Next to cash, home equity sources of funding such as Home
Equity Loans and Home Equity Lines of Credit (HELOCs)
are likely to be the lowest cost source of funds, because the
loans are secured by real estate and the interest is generally
tax deductible. As of 2012, these loans are difficult to get, as
real estate values have declined, and the banks have tightened
their Loan-to-Value (LTV) ratio requirements. Attractive FHA
Energy Efficient Mortgages (EEMs) may be available from the
U.S. Dept. of Housing and Urban Development (HUD): http://
www.hud.gov/offices/hsg/sfh/eem/energy-r.cfm.
To illustrate cash flow using a Home Equity Line of Credit,
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Figure 1. Effect of a solar system financed at a fixed 7.5% interest
rate over 20 years showing a cash-positive result from the first
day of ownership, including maintenance costs and the inverter
replacement at year 15.

please see Fig. 1. In the top graphic the top line represents the
customers’ current situation and their future if they do nothing. Their costs will rise over time with utility rate inflation. The
lower line represents the total of all their costs if they go solar,
including loan payment after interest tax deduction, new smaller
utility bills, maintenance, and inverter replacement costs.
The difference between the two lines is the cash-positive
(or cash-negative) amount, and it is reflected in the “Net
Annual Savings” lower graphic. In this case, the savings are
substantial even before the loan is paid off in the 20th year, and
they grow even after that.
Third Party Financing
www.norcalsolar.org

Third Party Financing refers to financing mechanisms where
a third party (other than the installer or system user) takes
ownership of the system and provides use of, or output from,
the system to the user for compensation.

How to Pay for a Solar System
Most potential solar users have limited knowledge and
experience with solar systems so may perceive substantial
risk in their operation and performance. Potential third party
owners perceive less risk and can spread that risk over multiple
projects. By transferring performance responsibility, the user’s
risk of agreeing to go solar is reduced, opening up new sales
possibilities.
The second substantial benefit of third party financing
and ownership can include the transfer of tax benefits from a
party that may not be able to use them efficiently (or at all) to
a party who generally can take full advantage of them and is
willing to do so for a return on investment.
Two common third party mechanisms are the Lease and
the Power Purchase Agreement (PPA). In residential systems,
these two function nearly identically. PPAs are the agreement
for one party to sell power to another at agreed-upon terms.
The sale is for kilowatt-hours (kWh) of energy only. The Leases
for solar are rentals, where a customer rents (leases) a solar
system from another party. In both cases, the parties owning
the systems have large investors who have money to finance
systems and who can use the tax benefits, and in exchange,
receive a fee for the use of their money.
In the typical residential Lease scenario, the site occupant
agrees to pay a flat monthly fee for the rent of the solar system
(Lease); in the PPA case, s/he pays a monthly charge for the estimated monthly production from the solar system. Both usually
allow several payment scenarios: (1) a $0 up-front cost option
with future monthly payments due; (2) a fully pre-paid option
with $0 future monthly payments; and (3) an up-front amount
with future monthly payments due. In scenario 3, the monthly
payments will be lower than in scenario 1, but how much lower
will depend on the amount of the up-front payment.
When agreeing to a Lease or PPA, homeowners are accepting a lien against their property. In order to sell their home,
they will need to find a qualifying buyer that will satisfy the
lien-holder (the solar financier). This may eliminate otherwise
qualified home purchasers and make it difficult to sell the home.
Either can include an annual price escalator of anywhere
from 0% to a few percent. Be cautious of accepting an escalator
over 4%, since rates historically have risen only 2.1% annually
nationwide over the last 20 years.
Most residential Leases and PPAs offer performance guarantees, transferring the performance risk from the homeowner
to the financier. This is valuable only as long as the provider is
solvent and available to honor the guarantee.
In either case, the system isn’t owned by the homeowner,
but usually includes an option to buy at Fair Market Value
at the end of the agreement. While this amount can’t be set

up front and must be decided later, the amount is likely to be
reasonable, and the homeowner always has the right to not
purchase at the end of the term. The homeowner should be
cautious of any removal or termination charges if they elect
not to purchase.
PACE Financing
Property Assessed Clean Energy (PACE) financing is a mechanism through a government jurisdiction whereby a citizen
receives funding for a solar project from the jurisdiction and
pays back the obligation on his/her property tax bill.
The interest is usually tax-deductible, and the property
tax bill typically shows the itemization of the loan amount, the
principal, and interest. The interest rate is set by the jurisdiction and its partner bank and is generally at slightly above
home equity interest rates. The obligation is generally transferable to a future buyer of the property if s/he is willing to
assume the payments.
The PACE concept was pioneered in Berkeley, California,
and has been spread and developed nation-wide but is currently stopped due to a complication at the federal level.
Closing Thoughts
Financing for solar can open many doors for homeowners and
allow purchase, ownership, and responsibility structures that
better suit the parties involved. However, homeowners should
exercise caution when agreeing to long-term obligations with
increasing payments or that may put restrictions on the sale or
transfer of title to the property.

Andy Black is CEO of OnGrid Solar, providing solar financial
analysis & sales tools. He serves as a board member of the
California Solar Energy Industries Association and on the Advisory Board of NorCal Solar. Contact him at 408.428.0808 x1 or
http://www.ongrid.net. Black regularly teaches and consults on
“Payback on Solar Electricity” for many audiences.
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Making Solar Affordable for Everyone
with Help from the California Solar Initiative
BY GRID ALTERNATIVES

“When you think of homeowners with solar panels, you probably don’t think of me,” wrote Mardina Graham, a retired
postal worker and grandmother living in San Francisco’s Bayview neighborhood, in an opinion piece1 for the San Francisco
Chronicle in 2010.
“I know I didn’t think of me when I thought of solar power. I was interested in going solar, but it seemed like something
expensive that only companies in Silicon Valley or well-to-do
homeowners in Marin could afford.”
This perception of solar as a privilege of the upper classes is
widespread, but it is no longer true. Since 2007, when California
voters approved a major investment in solar technology through
the California Solar Initiative (CSI), solar panel prices have
dropped dramatically, and sales have increased rapidly.
These systems still cost a
lot up front — from $10$40,000 on average, depend…low-income people
ing on the size — but a number
spend on average
of efforts have come together
twice as much of their to make the economics work
well for ordinary homeownincome on household
ers. Leasing, power purchase
energy bills as the
agreements, and third-party
rest of us…
ownership mechanisms all
allow consumers to reduce
start-up costs while alleviating concerns of maintenance and upkeep. And net metering,
which has been in effect in California since 1996, allows
homeowners to sell excess power their system generates back to
their utility to offset charges during periods of deficit.
The California Solar Initiative has also helped level the
solar playing field in the last five years by providing a larger
rebate for qualifying low-income homeowners and affordable
housing developments throughout the state. GRID Alternatives, a non-profit solar installer, administers the single-family
home component of that program. In an analysis of CSI
data, we found that the percentage of new rebate applications
coming from communities with median incomes exceeding
$100,000 dropped by half, to 10 percent, from 2007 to 2011,

while the percentage of applications from middle- and lowincome communities continues to rise. In 2011 communities
with median incomes of less than $75,000 made up 64 percent
of applications for rebates; 17 percent of applications came
from communities with median incomes of less than $50,000.
These numbers are corroborated by an analysis of solar installations done last fall by PV Solar Report and Sunrun.
Nonetheless, the perception of solar as serving only
the rich is turning out to be a significant threat to the very
rebates and other policies that helped solar gain a foothold in
the middle class to begin with. Policy-level disputes around
net metering, for example, are ongoing. For solar to gain
widespread acceptance as a public good worthy of state and
national investment, it needs to be seen by the public at large
not just through an environmental lens, but as a real-world
solution to real-world problems.
In lower-income communities it starts with the math. Most
of these homeowners would not be able to consider solar, yet
they are people who need the savings the most. According to
data collected by the U.S. Department of Health and Humans
Service’s Low Income Home Energy Assistance Program (LIHEAP) program, low-income people spend on average twice as
much of their income on household energy bills as the rest of us,
and they are the most vulnerable to fluctuations in price.2
Take Elmer Rankin, a disabled vet living on a fixed income. Last winter he was forced to choose between running
his medical equipment and running his heater because of high
energy bills. He chose the equipment and ended up back in the
hospital when his body shut down from the cold.
Without California’s low-income solar rebate and support
from GRID Alternatives, Elmer would still be making those
choices today. Instead he is generating the electricity he needs
from his own roof. Other clients use their savings for food,
clothing, and college tuition.
Mardina Graham’s system, installed in December of 2006,
saves her an average of 75 percent on her electricity bill. The
12 panels on her roof keep her electricity bills as low as $17 a
month. Because of these savings,
Mardina has become a strong
www.norcalsolar.org
community advocate for solar, and has even joined GRID

1 http://blog.sfgate.com/opinionshop/2010/05/06/
open-forum-solar-panels-are-not-just-for-the-wealthy/

2 www.acf.hhs.gov/programs/ocs/liheap/guidance/information_
memoranda/FY2009_LIHEAP_Notebook.pdf
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Making Solar Affordable for Everyone
Alternatives’ Board of Directors.
Low-income homeowners like Elmer and Mardina have
an enormous need for solar technology and the energy price
stability it offers, but despite lowering costs, will not for the
foreseeable future be able to reap its benefits without some
kind of outside help. These are the people toward whom, above
all, our solar subsidies should be geared. Only when they have
full access can we begin to reap the large-scale environmental
benefits that solar promises.
“We’re not going to truly green our cities or create new
industries if we only focus on wealthy people who can afford
things like solar power,” said Graham. “All residents, regardless
of income, need to be part of this equation…when you think

of homeowners with solar panels, you probably don’t think of
me. But you should.”
GRID Alternatives is a nonprofit organization helping lowincome communities to go solar.

RESOURCES
• Single-family Affordable Solar Homes (SASH) Program:
www.gridalternatives.org/sash/single-family-affordablesolar-homes-program
• Multifamily Affordable Solar Homes (MASH) Program:
www.cpuc.ca.gov/puc/energy/solar/mash.htm
• PG&E Low Income Solar Programs:
www.pge.com/lowincomesolar/

Saving Lives with Solar Power
BY DR. LAURA STACHEL
In an effort to reduce maternal mortality, We Care
Solar, a non-profit based in Berkeley, California, has created an innovative solar design to illuminate maternal
health care in rural areas with essential off-grid lighting.
We Care targets delivery rooms and operating theatres
with the Solar Suitcase, a compact solar electric system
that is easy to transport, use and maintain. The small
and durable pre-wired solar system includes LED lights,
rechargeable AA and AAA batteries, headlamps, a phone
charger, and a fetal monitor.
Healthcare workers using the Solar Suitcase report
greater facility and ease in conducting nighttime procedures. Improved lighting allows health workers to identify
and treat complications such as obstetric lacerations and
hemorrhage, nurses to locate and administer intravenous
medication, and emergency Caesarean sections to be performed 24 hours a day. Solar-powered mobile phones allow midwives to contact doctors for emergency assistance.
Health providers are elated to have reliable light and
power. “We will never refer patients out of the hospital
for c/sections,” exclaims a hospital midwife who had
described losing a mother who couldn’t obtain surgery in
her hospital when the power was down. “Now we don’t
have to look for candles and kerosene…or suture patients
with a phone in our mouths,” another midwife says with
relief. “We can conduct deliveries without fear,” confides
a third. The Solar Suitcase provides hope for these health

workers, and a chance to provide better care. While so
many of us take for granted that light is always available,
it is painfully clear that much of the world does not have
this luxury. “You have given us the greatest gift possible,”
an operating room nurse explains, “and with this we will
save many lives.”

Dr. Laura Stachel is an obstetrician dedicated to ensuring medical lighting and emergency mobile communication is available for obstetric care. Dr. Stachel co-founded
We Care Solar with Hal Aronson, a solar innovator who
designed the We Care Solar Suitcase.
See more at www.wecaresolar.org
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Permitting of Solar Installations
BY PARKER MURRAY and PAT REDGATE
Edited by Elaine Hebert
What are some of the problems that contractors
face in obtaining permits for solar installations?
The rules, fees, and procedures for obtaining permits [for both
photovoltaic (PV) and solar hot water systems] vary greatly
across jurisdictions statewide — even in cities and/or counties
adjoining each other — thus, the ease of obtaining permits
varies greatly. Some permitting or building departments are
farther behind in streamlining the process, and some (we’re
told) seem unwilling to accommodate solar at all.
We commend the many jurisdictions that have conscientiously streamlined the process and adjusted permit fees to be
reasonable and consistent with other jurisdictions.
What efforts are underway to make things more
consistent across the state?
The California Solar Energy Industries Association (CALSEIA),
SolarTech, and other organizations are actively working on
these issues, particularly for PV systems. CALSEIA created
an online survey for its members to describe problems and
name cities and counties that are problematic as well as those
who get the job done efficiently and inexpensively. This effort
identifies recurring permitting issues and helps to institute a
benchmark for permitting processes throughout the state.
In the last couple of years, the US Department of Energy,
through its collaborative project Solar American Board for
Codes and Standards (Solar
ABCs), sponsored the develOver 40 building
opment of a manual called
officials are working Expedited Permit Process for
PV Systems: A Standardized
together to …
Process for the Review of Smallexpedite the
Scale PV Systems. Thankfully, the Solar ABCs have gone
adoption of small
a long way toward construct(under 10 kW) PV
ing a model permit process for
systems.
PV. We hope that this will help
the many different building
authorities develop practices
that are consistent, predictable, and efficient.
Recently, some members of CALSEIA’s Permitting Committee have helped in Governor›s Office of Planning and
Research (OPR) effort to write a solar permitting guidebook
to create a standard plan that building departments across
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California can voluntarily adopt. Over 40 building officials are
working together to assemble this document with the ultimate
goal of helping cities and counties to adopt processes that
expedite the adoption of small (under 10 kW) PV systems.
What do you hope to see changed in the
permitting process in the next few years?
We would like to see the review of permit applications by
building departments to be done over the counter with little or
no involvement of licensed professional engineers for small PV
systems on residences whose roof and structure are predictable
or known to be code compliant. We hope that building
departments will adopt prescriptive standards that allow for
quick and easy permit approval for the less complex installations that involve main electrical service centers of less than
225 amps or whose distributed weight is less than five pounds
per square foot. We hope that fire department approval can be
accomplished without a fee and performed by the counter
official and the inspector. We also encourage building departments to educate their residential inspectors so they can tell if
a system meets code, or dedicate one or more inspectors to
make all the PV inspections in that jurisdiction. Simply
lowering permit fees is not desirable if the end result is a
jurisdiction not paying attention to improving the process or
the quality of inspections.
Preparing submittals can require great effort, especially if
the rules or format are difficult to discover. We encourage all
jurisdictions to publish their guidelines online and make an
effort to go electronic in the submittal process as well.
Parker Murray, Deputy Director with the California Solar
Energy Industries Association, interviewed Pat Redgate, Chair
of CALSEIA’s Permitting Committee.

RESOURCES
• Commercial Solar Permit Fee Report: Alameda, San Mateo,
and Santa Clara Counties, Loma Prieta chapter of the Sierra
Club (California), October 2010, http://lomaprietaglobalwarming.sierraclub.org/CommercialPVSurvey.php
• Solar America Board of Codes
and Standards:
www.norcalsolar.org
www.solarabcs.org
• SolarTech, an initiative of the Silicon Valley Leadership
Group and a partner in Solar ABCs: www.solartech.org
• CALSEIA: www.calseia.org

Patented
Solar
Accelerator

Solar Permitting Fees
Update
You may have read (p. 36) — or experienced yourself
— that the fees charged by cities and counties for solar
installation permits vary tremendously across the state
— even in cities right next to each other. Some of those
fees are exorbitant compared to the average. Kurt
Newick, a NorCal Solar member and an activist,
couldn’t take it anymore.
Several years ago, Kurt worked with his local
chapter of the Sierra Club (Loma Prieta chapter) to
begin contacting jurisdictions across California county
by county to find out their permitting fees, to be able to
compare them and understand the depth of the problem. We published some of his results in the 8th edition
of this Resource Guide, and Kurt and his team keep
updated information on www.solarpermitfees.org.
Kurt reports that he’s been traveling to Sacramento
to help advise on legislation to address the permit fee
problem. Scroll down on www.solarpermitfees.org to
track the latest on legislation, but as of this writing,
three bills are pending:
• SB 1222 (Leno): Specifies limits on PV permit fees
and prohibits cities and counties from charging
more than a reasonable amount.
• AB 1801 (Campos): “Requires solar permit fees to
be computed based on actual jurisdictional costs
and specifically prohibits fees from being computed
based on PV system valuations. This will impact
solar permit fees for all sizes and types of solar
energy systems.”   
• AB 2135 (Blumenfield): “Creates guidelines and
standards for solar permit processing.”
(Citations are from www.solarpermitfees.org from
Loma Prieta Chapter of the Sierra Club.)
Kurt and his team have worked hard to bring reason and consistency to this problem. Many jurisdictions
have adjusted their fees and streamlined the permitting
process.
Kurt can be reached at 408-370-9636 or
KurtNewick@yahoo.com. You can access the Sierra
Club’s studies of permit fees at
http://lomaprietaglobalwarming.sierraclub.org/solar.php

Joe Madigan
MADIGAN SOLAR
TECHNOLOGIES, CO.
PO Box 216 • Alamo, CA. 94507
925-945-7451

Boosts output • Reduces heat
Tested 40 X(times) wattage
output boost indicated
US Patent 7541537 Photovoltaic Cell Cover
June 2, 2009. Joe Madigan
Patent pending EU and Hong Kong

Photovoltaic Efficiency
NorCal Solar member Joe Madigan is an inventor. In
trying to make photovoltaics (PV) more efficient, Joe
has patented a PV cell with improved energy conversion properties. In one embodiment, the cell includes a
fluorescent material that shifts the wavelength of some
of the incident light to be closer to the wavelength that
produces the least amount of thermal loading (heat)
(recall that PV works more efficiently in cooler temperatures). In another embodiment, the cell’s cover includes a fluorescent material between two reflective filters. The cell and cover may be either placed together in
a stack or separated from one another. In preliminary
tests using Neodymium doped glass, results indicated
potentially a ~40X (times) boost to the power output
of the underlying silicon PV cell. The shifted light is
emitted at the Bandgap wavelength, the sweetspot of
PV conversion. Components in some embodiments of
the invention are commercially available and, according to Joe, appear to be very cost effective. His device is
retrofittable to installed silicon PV cells and panels.
For more information:
Joe Madigan
PO Box 216
Alamo, CA. 94507
925-945-7451

Visit www.norcalsolar.org.
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Solar: Creating Jobs for Everyone
from PhD’s to GED’s
By Carter Lavin

In these tough economic times, there is one thing on everyone’s mind: jobs. Almost all of us have worried about how
we or a loved one can get or keep their job. What’s more, the
kind of jobs that are out there are changing. Old industries are
transforming, off-shoring, or simply disappearing, and many
old skill sets are now outdated. While some are able to shift
with these changes, many others, especially those without advanced degrees, have been left in a lurch. It’s a good thing the
solar industry is here and growing fast.
Already there are over
100,0001 Americans working in the solar industry and
As the cost to go
almost 24,000 more new jobs
solar continues to
on the way. With over 5,6002
drop by about
solar companies in the US,
there are a ton of different
10% a year, and new
opportunities out there. A lot
financing mechanisms
goes into solar arrays; they
become more
have panels, inverters, racking, power optimizers, monipopular, solar
toring equipment, batteries,
installation growth
trackers, and software, and
will continue to
all of that needs to be designed, built, marketed, sold,
explode.
installed, and maintained.
Solar jobs range from photovoltaic materials research and
development scientists to system installers to salespersons to
accountants. So whether you have a PhD, a BA or a GED, there
is probably a job in the industry that matches your skill set.
Many of these jobs are located in factories that have
helped communities weather the recession. In the past two
years alone, over 40 new solar factories opened up across the
country including in Arizona, Georgia, Ohio, Michigan, Mississippi, Pennsylvania, and Tennessee3. But if you don’t live
near one of the many solar factories, you still can find work in
1 http://www.seia.org/galleries/pdf/factsheet_solar_industry_facts.
pdf
2 http://solarworksforamerica.com/
3 http://www.seia.org/galleries/pdf/factsheet_solar_industry_facts.
pdf
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the industry. There are solar jobs across all 50 states (yes, even
in Alaska), and many of these jobs are tied to their communities. For example, system sales teams are almost always based
in the community they serve and of course installing the solar
array — one of the most labor-intensive parts of the process —
has to be done on site.
What’s more, the industry is growing and creating more
American jobs all the time. As the cost to go solar continues
to drop by about 10%4 a year, and new financing mechanisms
become more popular, solar installation growth will continue
to explode. In 2011, the size of the US solar market doubled,
and now there is enough installed solar technologies to power
730,000 American homes5. Costs are still going down, which is
hard on manufacturers but great for almost everyone else, so
it looks like 2012 will be another great year for the industry in
terms of projects installed and total jobs created.
So next time you are thinking about a new job for you or
a friend, check out a solar job listing board, or reach out to
your local solar company. To help keep this economic engine
humming tell your elected officials you want to make it easier
for people to go solar through things like fixing the permitting
process. If you want to do even more to create solar jobs (and
save some money), get a quote from an installer and see if
going solar works for you. The industry has a lot of potential,
and switching to solar power can help solve a lot of big problems. As it ramps up to realize its potential in the future, solar
creates jobs today.

Carter Lavin, Solar Marketing Group

RESOURCES: Job Postings
• http://seia.org/cs/about_seia/jobs_in_the_solar_industry
• http://jobs.renewableenergyworld.com/jobs/search

www.norcalsolar.org
4 http://blog.chron.com/sciguy/2012/04/here-comes-the-sun-solarcost-competitve-with-fossil-fuels-in-a-decade/
5 http://www.seia.org/galleries/pdf/factsheet_solar_industry_facts.
pdf

Hiring for Success: Selecting the ‘Right Staff’
Makes All the Difference
BY JEFF SPIES

The following article offers suggestions to solar contractors
looking to hire additional staff. This information will be helpful to both employers and workers looking to land a job in the
rapidly growing solar industry.
Hiring quality solar workers can be a major challenge for small
and growing businesses. Combine the high attrition rates for
solar newcomers with the flood of job seekers, and hiring managers can become overwhelmed with the process of narrowing
the field and figuring out which applicants have the right stuff
to become successful solar professionals.
The US Bureau of Labor Statistics reports there are four
active job seekers for every job opening in America, but some
authorities estimate that in the construction trades there are
ten seekers for every open job. Since 2007, the solar industry
has experienced tremendous growth while the construction
trades suffered dramatic decline. These contrasting factors
have motivated thousands of electricians, roofers, plumbers,
and green jobseekers to try their luck at solar. Most dropped
out within the first two years after they discovered that solar
installation is not easy, nor is it the path to quick money.
Hiring and training new employees can be one of the
most significant expenses to a small business. Estimates show
that the cost of replacing an employee can be 30% - 50% of
the employee’s annual salary, so there is tremendous benefit to
employers that effectively identify the attributes of successful
solar professionals, hire only those that possess these qualities,
and then retain them for the long term. Hire right and you will
spend less time and money on staffing up your business, but
hire wrong and you will struggle to survive in an incredibly
competitive marketplace.
So what are the characteristics that successful solar professionals have in common? What type of person not only looks for
a solar job but also sticks with it for more than a few months?
Here are the top twelve attributes of successful
solar professionals.
1. Passion for solar – There is no substitute for solar enthusiasm. Working in the solar industry is rewarding to many
for reasons beyond financial compensation. The real payoff for
these true “solar professionals” is the feeling that their efforts

are contributing to a better energy future. I recommend you
look for job applicants that demonstrate love of solar technology, concern over environmental issues, and/or the desire to
achieve energy independence. Job applicants that don’t relate
strongly to these concepts often don’t last long.
2. Works well with others – Solar employees work as a
team and ALL of your employees must mesh well as a team.
Ask yourself if the candidate is likely to work well with your
current staff and crew(s).
3. Fast learner – Solar technology continues to evolve rapidly necessitating continuing education. Fast learners become
an asset to any business trying to stay current with rapidly developing technology. Administrative staff must also keep pace
with rapidly changing incentives, permitting requirements, and
policy drivers that affect the profitability of the business.
4. Strength, endurance, agility, and precision – Solar
installation is a challenging physical profession requiring balance, strength, endurance, agility, precision, and a good eye
for detail. Outdoor enthusiasts and rock climber types are
often drawn to solar installation since they enjoying working
out in the open air with technical hardware, and they have the
confidence needed to work at heights on electrical systems that
possess lethal potential.
5. Strong work ethic and willingness to work in a
dynamic environment – Contractors need reliable, hard working, competent staff and installers that show up at the jobsite
when scheduled. The dilemma is that solar business can be
unpredictable with unanticipated periods of slow/no business
and occasional stretches of mandatory overtime. This is where
the outdoor-type nature of many solar installers comes in
handy. They can use periods of solar downtime to pursue their
adventure activities.
6. Experience in the trades – Those with electrical and
HVAC experience can be great candidates to fill an open job
slot. Those with a roofing background can also be a great
choice especially if they know a volt from an amp, or a kWh
from a watt. Those with a plumbing background may be well
suited to tackle solar heating systems.
7. Knowledge/experience with electrical or plumbing systems – Solar PV is a dangerous electrical trade, and
solar heating done wrong poses a serious safety threat. Those
www.norcalsolar.org
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Hiring for Success
without the required experience or respect for these potentially
lethal technologies are not well suited to solar work.
8. Knowledge of and experience with hand tools, power
tools, tape measures, ladders, and safety gear – It amazes me
how many green job seekers have little or no experience working with hammers, drills, or tape measures. This is something
that should be tested prior to extending a job offer. Ladder
work and use of fall protection gear can be learned on the job,
but experience with hand and power tools is critically important to have before applying for an installer job.
9. Math skills – System designers use math to position
rows of PV modules to avoid inter-row shading on commercial roof installations. Solar salespeople need to have a strong
grasp of the financial attributes of solar to properly represent
the investment opportunity to the system owners or leasers.
Even residential rooftop installers need a strong grasp of math
and measurement tools and techniques. Roof layout can be a
challenging math problem requiring the ability to interpret
dimensions, spec sheets, diagrams, maps, and drawings. The
installer must understand how the dimensions of the modules and racking system relate to rafter spacing and roofing
configuration. They must insure that penetrations are centered
in the rafters all the while keeping the array visually oriented
to the roof ridge, eaves, hips or gables. Those with strong math
skills excel in these tasks resulting in faster layouts and better
looking installations.
10. Safety training – Solar employs the skillsets of two of
the most dangerous professions in the US: roofer and electrician.
Safe worksite practices must be clearly understood by all solar
workers. OSHA now requires that all crews working more than
six feet off the ground use fall protection devices, no exceptions.
Installers, designers, and sales reps (especially those performing
solar site assessments) should complete an OSHA 10-hour training course, and employers should provide the necessary training
for all workers on ladder and rooftop safety practices as well as
proper use of fall protection equipment. Installation crew leaders
should have successfully completed the OSHA 30-hour training
course before supervising an installation crew.
11. Solar training and NABCEP Entry Level Exam – Job
applicants who complete a 40-80 hour solar training program
can be good employment prospects especially if they demonstrated enough initiative to educate themselves on solar prior to
searching for a job. Those who take a qualifying course and pass
the North American Board of Certified Energy Professionals
(NABCEP) Entry Level Exam have shown they understand the
basic terminology and concepts of solar. The NABCEP PV Entry
Level Exam tests candidates on these learning objectives:
• PV Markets and Applications
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•
•
•
•
•
•
•
•
•

Safety Basics
Electricity Basics
Solar Energy Fundamentals
PV Module Fundamentals
System Components
PV System Sizing Principles
PV System Electrical Design
PV System Mechanical Design
Performance Analysis, Maintenance and
Troubleshooting
The NABCEP Solar Heating Entry Level Exam tests candidates on these learning objectives:
• Conducting a site analysis, including load analysis
• Identifying SH safety practices, standards, codes, and
certification
• Identifying systems for specific climates and applications
• Identifying proper operation and installation methods
• Identifying proper use of balance-of-system components and materials (e.g., controllers, tanks, pumps,
valves, piping, etc.)
• Identifying common SH maintenance items
12. NABCEP Certification – NABCEP Certified PV
Installers, Certified Solar Heating Installers, and Certified
Technical PV Sales professionals have demonstrated knowledge
and experience in the area of solar design and installation or
technical sales. They stand out as some of the most sought after
solar professionals in the industry. The benefits to employers
that have NABCEP certificants on staff include:
• Confidence that certified employees fully understand
the key elements of solar design/installation/pricing
• Lower operational costs - less potential for redesign due
to failed inspections
• Increased safety - reduced potential for workplace
injuries
• Higher levels of compliance with industry regulation or
government requirements
• Improved customer satisfaction results from employing
experienced knowledgeable professionals
• Marketing benefit - demonstrates employer’s commitment to competence
Not every solar professional will excel in all areas, but the
more of these traits an applicant possesses the more likely they
will have the right stuff to become a “solar professional” and
help your business achieve solar success.
www.norcalsolar.org
Jeff Spies, Business Development Manager, Quick Mount PV

Finding and Choosing
a Professional Solar Contractor
BY CLAUDIA WENTWORTH and JEFF SPIES

A solar system is a sizable investment for most home and
business owners, but when properly designed and installed a
solar system can pay for itself in energy savings over time. The
typical payback time for owners of solar electric or solar water
heating systems in northern California ranges from 5-15 years
depending on numerous variables including location, solar
exposure, tax status, mounting location, and utility company
net metering rules. The increased resale value of your home
or building further enhances your solar system purchase. To
help secure your investment, it is important to carefully select
a solar installer who is properly trained, experienced, ethical,
and professional.
It is very important to have the system designed and
installed properly the first time. Systems with quality components that are properly designed and installed provide the
lowest cost of ownership over the long run. Poor quality products and inferior workmanship often cause premature failure
of components and adversely effect your investment. Many
solar system problems and repairs can dramatically extend
the payback time and reduce your return on investment. For
example, just imagine having to pay a solar installer to remove
your entire system after 10 years to replace a deteriorating roof
under the array.
Designing a PV system to last the life of your roof is the
ultimate goal. When done properly, a new roof with a new PV
system can last 30 years or longer. Code compliance should be
verified at final inspection, but some solar related codes are
poorly understood and can be overlooked by the building inspector, making the selection of a quality contractor even more
important. When it comes time to sell the home or business
property, another inspection of the system will take place and,
if it was not designed and installed properly, you may be faced
with system removal and reinstallation to bring the installation
up to code. A very expensive proposition!
A good contractor will follow the National Electrical Code
(NEC) for all electrical elements of a PV system, or SRCC
OG300 guidelines for solar water heating systems. Quality contractors will also follow the International Building Code (IBC)
when installing the system on the roof and make sure the roof
penetrations are watertight for the expected longevity of the

system (25+ years). Choosing a local contractor is often advisable, as s/he often understands your local solar conditions,
incentives, utility company, and local code requirements.
Here are the steps we recommend to insure that your system provides you with the optimal cost of ownership and years
of trouble-free clean energy. Don’t let the process described
below intimidate you. These steps are similar to what you
would want to do for many major home improvement project,
and any good contractor will be more than happy to comply
with your requests.
Step 1 - Gather all utility bills for the past year.
Most utilities make this easy with online historical energy usage information.
Step 2 - Get 3 quotes from qualified licensed
installers.
• There are many sources to locate solar installers. Due to the
rapid growth in solar contractors, careful vetting is advised.
The sources that can help you start your search include the
following:
¤¤ http://www.findsolar.com
¤¤ http://GoSolarCalifornia.ca.gov
¤¤ http://CalSeia.org
¤¤ Your local phone book
¤¤ Word of mouth recommendations from happy customers
in your area
¤¤ The resources section of this Solar Energy Resource Guide
¤¤ Google “solar panel installer” along with your city and
state.
• Make sure the bids are “apples to apples.”
¤¤ It is important that you have at least three professional
contractors who have all bid on the same installation.
¤¤ Have each contractor review your previous energy bills
for usage, then recommend the best system size, installation location, and other design criteria to match your
needs.
¤¤ Review each of those bids and choose the best option for
your building and budget.
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Finding and Choosing a Professional Solar Contractor
• Check contractor’s license status.
¤¤ Check status at Contractor State License Board website
http://www.cslb.ca.gov
• Verify that the installer holds the proper license.
¤¤ A contractor’s license issued by the California Contractors State License Board (CSLB) is required for a contractor to legally sell and install a solar system.
¤¤ C-46 (Solar Installer) and C-10 (Electrical Contractor)
licenses both qualify.
¤¤ B (General Contractor) license qualifies so long as that
contractor then subcontracts to a contractor that holds a
C-46 or C-10 license.
• Check for any open complaints listed.
• Ask the contractor how long s/he has been installing solar.
• Ask the contractor how many systems s/he has installed.

Stockton, CA - a low-income apartment complex being
renovated to be energy efficient and solarized.

• Verify insurance status prior to signing the contract.
¤¤ Ask the contractor if s/he carries current general liability
insurance and workers compensation insurance.
• Ask for references (if possible at homes you can visit).
¤¤ ALWAYS check the contractor’s references! Don’t just
put them in the file. Call past customers to find out
about their experience with the contractor. Were there
any problems? Were any problems resolved quickly and
to the satisfaction of the customer? Was the experience
informative and enjoyable? Would they hire the contractor again? Did the contractor meet the expected schedule?
You might also check with the Better Business Bureau for
any past problems.
• Is the system designer and installer NABCEP certified and
• properly trained?
¤¤ NABCEP certification is not required but proves the
installer has been specially trained for photovoltaic (PV)
and/or solar water heating installations. Make sure the
installer follows all roofing industry best practices. The
installer should understand and follow the roofing manufacturers’ guidelines for any roof penetrations. Failing
to do so could void your roof warranty. Check with the
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NRCA (National Roofing Contractors Association) for
information on roofing best practices. (www.nabcep.org,
www.nrca.net)
¤¤ For larger commercial rooftop systems, the NRCA Roof
Integrated Solar Energy Inc. (RISE) certification can help
you find a contractor knowledgeable and experienced
in waterproofing low slope roofs for large commercial
installations. (www.riseprofessional.org/about-rise.shtml)
• Get preliminary “ballpark” prices. While these can be helpful in the initial evaluation, understand that they are subject
to adjustment following the contractor’s site visit to assess
solar potential.
Step 3 – Schedule solar site assessments
• Before a formal proposal the contractor should perform a
site assessment, which often involves getting up on the roof
to perform a shade assessment with a special assessment
tool.
• Installer should examine roofing structure from above
and below for leaks, wood rot, termite damage, structural
integrity, and any other factor that would impact the cost of
a solar installation.
• The installer should calculate if the PV array can be mounted at an appropriate angle and orientation to the sun and
determine the energy that the system can provide.
• The installer should verify that your existing electrical service can handle the power coming from the PV array. Older
homes may need a new service panel (breaker box) if the
existing panel is too small.
Step 4 – Get written proposals
• The contractor should present you with a formal proposal
that shows the full price, the return on investment, and payback time after factoring in utility rebates and tax credits. All
amounts should be itemized with full explanation of how
they may vary and what impact any variance might have on
the return on investment and payback time.
• After you have decided on the size of your system make
sure that all contractors have submitted a bid for a system
exactly this size. This way the contractors will all be bidding
the same size and installation of your particular system,
designed specifically for your home or business.
• Get a clear explanation of the assumptions used to project annual power production and ROI/payback time. Pay
www.norcalsolar.org
particular attention to the utility rate increase projections.
Electricity rates in CA have increased only 2-3% over inflation the past 5 years, and rates have actually decreased over

Finding and Choosing a Professional Solar Contractor
the past 20 years after accounting for inflation. If a proposal
projects rates that increase 4-5% over inflation, ask the
salesperson to justify this number.
Step 5 – Review contracts carefully to make sure
they cover all legal necessities.
• Get a detailed written contract and review all the fine print.
¤¤ The contract needs to specify the total contract price
as well as who is responsible for obtaining the building
permits, the total expected AC kWh output (if PV), who
will be responsible for any rebate paperwork, and who
will be receiving the rebate. Many solar dealers will help
you with administering the paperwork for the federal,
state, and utility incentives. Check to see if they perform
this service.
• Understand all the terms of the contract before signing.
• Understand the total price and payment schedule.
¤¤ The contractor may request a deposit of $1,000 or 10% of
the contract total.
¤¤ The contract should also include the CSLB required
“Notice to Owner” which consists of the lien rights of the
contractor.
• Understand how and when incentive payments are credited.
• Understand warranty terms/conditions on products/services.
¤¤ Make sure the contract includes mention of the California Solar Initiative (CSI)-required 10-year labor and
materials warranty. This warranty is required to access
the CSI financial incentives.
¤¤ PV modules are usually warranted for 20+ years and
most inverters are warranted for 10-15 years.
¤¤ Make sure you have a copy of the product warranties as
well as the solar installer’s warranty and a clear understanding of who is financially responsible for the labor
and materials should any problems happen under the
warranty.
¤¤ Active solar water heating systems have some electronic
components and pumps, valves, etc. Find out exactly
what is covered and for how long.
• Verify contractor insurance status prior to signing the
contract.
¤¤ Ask the contractor if s/he carries current general liability
insurance and workers compensation insurance. After
you choose your contractor, have their insurance provider send you proof of both workers compensation and
liability insurance for your records. This is a simple task
for contractors — they are familiar with this request from
consumers. Do not contract with anyone who does not

have the proper license and insurance in place.
• Verify subcontractor licensing/insurance.
¤¤ Is the solar contractor installing the system using his/her
own employees or subcontracting part or all of the installation to another contractor? If subcontracting, know
what portion of the job is subcontracted and with whom.
¤¤ Are subcontractors properly licensed and insured? Follow
guidelines above.
¤¤ Find out if the general or subcontractor’s insurance covers accidents or mistakes.
¤¤ Ask the dealer what is your liability if the primary contractor fails to pay a subcontractor. If contractor fails to
pay sub, your system could end up with a lien against it.
Step 6 – Select solar dealer/contractor and
proceed with installation
• Once you have chosen to start the project, remember to
enjoy the process. More important than the price is to trust
your contractor, have confidence in his/her code compliant
installation and CSI-approved products. Having and a good
working rapport will assure a positive working relationship
both during the initial installation phase and when addressing any issues in the future.
• Be cautious about advancing money for work not yet
completed
• Put all changes in writing.
• Make frequent inspections.
In conclusion …
• It is best to select local contractors who know the local
conditions and will be there to back up their work when
necessary.
• Pick somebody you like and feel good about doing business
with!
• As we mentioned above, don’t let the process required for
a successful solar installation put you off. Solar is a major
investment, but if you invest only a few hours research and
follow the instructions above, you will improve your potential for a successful solar system.

Claudia Wentworth, CEO, Quick Mount PV
Jeff Spies, Business Development Manager, Quick Mount PV

RESOURCES
• California Solar Initiative, www.gosolarcalifornia.org/csi
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Net-Zero Energy, Soup to Nuts
BY ANN V. EDMINSTER, M.ARCH, LEED AP

Ready or not, by executive
order, by 2020 all new homes
built in California must be
net-zero energy. In the simplest terms, this means that a
home will have to produce at
least as much clean, renewable energy each year as the
occupants of the home use
in that year. While definition
details and implementation specifics have yet to
be worked out, California’s Public Utilities Commission and
Energy Commission are working furiously to put the infrastructure in place to achieve this extremely ambitious goal.
Net-zero energy is also taking hold nationally and internationally, with help from the US DOE’s Builders Challenge, the
US-Canada Net-Zero Energy Home Coalition (www.netzero
energyhome.ca), the international Passive House movement
(along with its domestic adherents), and other initiatives in
Europe and beyond.
Completed net-zero energy home projects exist across the
housing spectrum, ranging from single-family custom homes
to production subdivisions to affordable multifamily developments. Each type poses a different degree of challenge, but
there are some common denominators. For starters, achieving
net-zero energy is going to require a fairly strict adherence to
the “loading order” – i.e., incorporating energy features in a
sequence that is based on getting the greatest energy performance gains at the lowest costs.
The rest of this article offers a few high-level points about
each of the steps in the loading order, which should be prioritized in the order shown.
Optimize the basic building geometry and
orientation.
The enemies of net-zero energy (and durability and comfort,
incidentally) include poor orientation and overly complex
building geometry. Translated, this means:
1. Do your best to orient the house with the long axis east-west;
2. Keep most of the glazing on the south side;
3. Maximize your south- and west-facing roof space;
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4. Keep the basic form as close to a shoebox (basic rectangle)
as you can;
5. Think elegant and simple, not fussy and convoluted.

Figure: Solar Geometry

Create a thermally robust building enclosure
(appropriate to the climate).
1. A good thermal enclosure comprises four principal elements:
2. Above-code insulation (greater R-values than Title 24
requires for your climate zone).
A high quality insulation installation. While this may be
hard to believe, most insulation is installed with insufficient
attention to detail – batt insulation, in particular. Insulation should be installed so that it is in full contact with all
six faces of every framing cavity, with only very small voids
and areas of compression. This is absolutely not the norm.
Take care to seek out insulation contractors who are energyefficiency advocates and enthusiasts.
3. Superior air sealing, to prevent heated and cooled air from
leaking through the building enclosure – you paid to heat or
cool it, don’t waste that investment!
4. High quality windows. Windows should have a below-code
www.norcalsolar.org
U-factor (thermal conductance),
optimized solar heat gain
coefficients (SHGC), and solid construction for longevity.
Compression-type operation is also a plus, because it minimizes air leakage – casements, awnings, and hoppers.

Net Zero Energy, Soup to Nuts
Minimize heating and cooling needs with passive
design strategies.
Passive design strategies are particularly important in hot
climates, where air conditioning can rack up electricity use.
Include overhangs and other shading devices that are “tuned”
according to the direction the windows face and how much
direct sun they receive during the hottest times of year. Passive
ventilation strategies, such as “thermal chimneys” and windows
carefully placed high and low on opposite walls, can also be
effective features to help minimize reliance on mechanical
cooling.

•
•
•
•

Energy factor (EF), for water heaters;
Annualized fuel utilization efficiency (AFUE), for furnaces;
Coefficient of Performance (COP), for heat pumps;
Water factor (WF), for clothes washers.

The American Council for an Energy Efficient Economy
(www.ACEEE.org) offers a comprehensive guide to efficient
household equipment and appliances. Three other excellent
resources for selecting highly efficient household items are:
• The Consortium for Energy Efficiency (www.CEE1.org),
which lists appliances in order by efficiency;
• TopTenUSA.org, which lists the ten most efficient models
of a wide range of different devices, from televisions to
refrigerators;
• EfficientProducts.org, which provides additional product
listings as well as well-researched and informative product
selection guidance.
Incorporate strategies that help occupants
control electrical use from plug-in devices.

Figure: Cross-Ventilation and Thermal Chimney/Stack Effect

Passive solar heating can also be helpful, but should be
designed with caution to avoid overheating in super-insulated
homes.
Keep mechanical and water system layouts as
simple and centralized as possible.
Although a lot of emphasis is placed on efficient mechanical
equipment – and I don’t deny it’s important – the overall design of the mechanical systems is generally overlooked. Among
numerous aspects that should be factored into an efficient
installation are:
1. Minimizing the length of duct runs (and hot water piping).
2. Minimizing duct leakage.
3. Keeping ducts in conditioned (heated/cooled) parts of the
building.
4. Ensuring – by testing! – that all parts of the system are correctly installed and tuned.
Choose efficient mechanical and water heating
equipment, lighting, and appliances.
• Each different type of equipment has a different efficiency
metric, and there are acronyms galore. Here are just a few:

So-called “plug loads” are an increasingly dominant part of the
energy use picture for virtually all American households. The
two big categories are entertainment devices and home office
electronics. Thoughtful designers can help occupants control
the energy use from these devices by understanding how they
are used in our everyday lives, and accommodating controls
for those uses conveniently. For example, locating plugs and
switches for entertainment centers and desks where they are
readily accessible can encourage energy conservation behaviors.
Design renewable energy systems to complement
your highly energy-efficient dwelling.
Renewable energy systems – the supply side of the net-zero
energy equation – are typically the most expensive ingredient
of a net-zero energy home. Most homes also have limited real
estate to devote to them. These factors dictate that we make
the most out of our efficiency opportunities before we turn to
renewable energy to help us get to net zero. We absolutely can’t
achieve net-zero without these systems, but we need to maximize all the other tools in our toolkit, too.

Ann V. Edminster is a leading green building consultant,
speaker, teacher, and author. Her recent work and awardwinning book, Energy Free: Homes for a Small Planet, focus on
net-zero energy homes.
www.annedminster.com
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The Solar Decathlon:
Vision of Homes of the Future… Now
BY CLAY ATCHISON & TOR ALLEN

Imagine a village where every home is a solar home. Each
home stays a comfortable temperature, rain or shine, and provides just the right amount of electricity and hot water, while
using only the sun’s energy for fuel. Now imagine these houses
are well-built, beautiful and, best of all, affordable.
Middlebury College
house’s solar array
combines solar panels
with a solar hot water
heater on the roof of
their entry in the U.S.
Department of Energy
Solar Decathlon 2011
in Washington, D.C.,
Monday, Sept. 26, 2011.

Photos: Stefano Paltera/
U.S. Department of Energy Solar Decathlon

To achieve such a vision, the US Department of Energy
sponsors the Solar Decathlon – an international competition
that challenges college teams to design, build, and operate the
most attractive, comfortable and energy-efficient solar-powered house. Every two years, these teams assemble their houses
into a solar village and compete in ten different categories. For
two weeks, they demonstrate how to blend affordability, consumer appeal, and design excellence with optimal solar energy
production and maximum efficiency.
The inaugural Solar Decathlon was held in 2002. Fourteen
teams from across the United States, including Puerto Rico,
built the first solar village on the National Mall in Washington,
D.C. The next competitions were held in 2005, 2007, 2009, and
2011. Each subsequent event has seen the field of competitors
grow, with teams from Canada, Spain, China, New Zealand,
Belgium, and Germany taking part. Open to the public and
free of charge, these Solar Decathlons let hundreds of thousands of visitors tour ultra-efficient solar homes, to gather
ideas for their own houses, and to learn how solar energy is
solving many of our most pressing challenges.
For the 2013 event, the Solar Decathlon will move to
Southern California. On October 3-13, 2013, the solar village
will be built in Irvine, California. Among the 20 teams are
four representing universities from California, including Santa
Clara University, Stanford, the University of Southern California, and a joint CalTech andSouthern California Institute of
Architecture team.
In addition to raising public awareness, the Solar Decathlon gives participating college students invaluable experience.
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Each team is a multi-disciplinary effort, combining architectural, engineering, construction management, and communications skills. This provides unique workforce development
training to thousands of students and prepares them to enter
many sectors of our nation›s growing clean-energy economy.
The educational opportunities
of these events reach far beyond
the college teams, however, and affect students of all ages. Solar Decathlon outreach programs bring
thousands of local students on
class tours, giving them real-world
perspectives of the advantages and
viability of solar energy systems.
Outside the area of the event, orgaTeam New York’s house
appears ready for public
nizations like the Rahus Institute’s
tours, just a few hours before
Solar Schoolhouse Program incorthe assembly phase 
completes at the U.S.
porate the high-profile nature of
Department of Energy
the competition into curriculum
Solar Decathlon in
Washington, D.C.,
for a wide range of grade levels.
Tuesday, Sept. 20, 2011.
This increases student understanding of efficient, unique and appealing strategies for harnessing
the sun to heat, cool and power their homes.
The Solar Decathlon is also expanding outside the United
States. There is now a Solar Decathlon Europe, which was
established by a 2007 agreement between the United States
and Spain. Solar Decathlon China was established with the
signing of a memorandum of understanding between the U.S.
Department of Energy, China’s National Energy Administration, Peking University, and Applied Materials on January 20,
2011. The first Solar Decathlon China will be held in 2013.
Over 1 million visitors have enjoyed the unique Solar
Decathlon experience since 2002. As the awareness fostered
by these events grows, it increases our chances of adopting
lifestyles powered by our nearest star, the sun.
Clay Atchison and Tor Allen
www.norcalsolar.org
The Rahus Institute/Solar Schoolhouse

RESOURCES
• US DOE Solar Decathlon websites www.solardecathlon.gov,
www.solardecathlon.gov/daily_photos.html

Community Solar
BY STEVE SHOEMAKER

In 2011, PV installations in the United States grew by 109%,
and California reached a gigawatt (that’s one billion watts) of
rooftop PV solar.1 Distributed solar lowered the electric bills of
thousands of homeowners while dramatically reducing their
carbon footprint. However, as is obvious from looking at a city
like San Francisco, there are still millions of owners and renters
in high-density areas that are unable to access solar due to factors such as shading from adjacent buildings, being renters, or
other common barriers.
The National Renewable Energy Laboratory estimates that
only 24-27% of rooftops2 in the U.S. are suitable for solar, and
in San Francisco only 37.5% of residential units are owneroccupied, compared with over 60% that are renter-occupied.3
Such limitations are substantial barriers for distributed solar,
but solvable using innovative techniques such as community
solar. “Community solar” projects are large, communal solar
electric systems to which off-site residents “subscribe” by
paying a fixed amount in return for solar credits on their
electric bill. Such projects have the potential to open up large
numbers of potential PV customers while allowing cities,
which now hold three quarters of the US population,4 to utilize
far more renewable energy.
Several successful community solar projects have already
been implemented across the country and are currently operating in California, Oregon, Colorado, Maryland, Florida, and
Washington State, while many other states are looking at this
model as a way to accelerate solar market development. This
article will first outline the structure and benefits of community solar, then examine the currently regulatory and policy
environment, and then give examples of existing community
solar projects. The goal is to give an overall understanding of
community solar and what it needs to succeed.

1 “US Solar 2011 Year-in-Review,” Greentech Media
Research. www.greentechmedia.com/articles/

read/u.s.-solar-2011-year-in-review-in-one-graphic/.
2 “A Guide to Community Solar: Utility, Private, and Non-profit
Project Development,” National Renewable Energy Lab. www.nrel.
gov/docs/fy11osti/49930.pdf.
3 “San Francisco Housing Characteristics,” US Census Bureau. 20062010. http://factfinder2.census.gov/faces/tableservices/jsf/pages/
productview.xhtml?src=bkmk
4 “Facts About Urbanization in the U.S.A,” World Resources
Institute. http://www.wri.org/publication/content/8840

Structure and Benefits of Community Solar
There are many different ways to structure a community solar
arrangement, but the basic process starts with residents who are
currently unable to access solar energy (they are renters or do
not have a suitable solar roof). They pool together with neighbors or other interested parties to purchase a subscription to a
communal solar system, often called a solar “Garden.” The interested residents work together or through a third party organizer
to solicit bids from contractors, find a suitable site, and finance
the project. The system would be built by a solar contractor who,
depending on the financial arrangement, would continue to own
and operate the system or turn it over to the entity that would
own the system, often a nonprofit, utility, or neighborhood association. Once the system is up and running, the residents receive
solar credits (essentially deductions) on their monthly electric
bill proportional to the amount that they initially invested in the
system. The system is not hardwired to their meter, and the site
can be anywhere from several feet to several miles away. Subscriptions have the ability to be cancelled or transferred and do
not depend on property ownership.
The benefits of community solar projects are several-fold:
• Supports local solar industry and fosters development of
green jobs.
• Allows for maximization of viable municipal roof space for
solar PV, including public schools, as system size is decoupled from on-site demand.
• Allows for PV installation on any technically feasible site,
regardless of on-site electricity demand characteristics.
• Eliminates the upfront costs and the hassle of operation and
maintenance. Additionally, participants can transfer their
power generation credit to a new address when they move.
• Provides the financial benefits from economies of scale in
the form of reduced system cost and soft costs associated
with permitting and interconnection.
• Reduces transmission and distribution costs and requirements due to proximity to load.
• Distributes the benefits of local renewables equitably.
Policy Environment for Community Solar
There are two key policies that must be in place at the state
level before a community solar project can be implemented
in California: (1) Virtual Net Metering and (2) Senate Bill 843
(Wolk), the Community-Based Renewable Energy Self-Generation Program Bill. Once these policies are in place, the state’s
www.norcalsolar.org
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Community Solar
investor-owned utilities (IOUs) will be required to comply
with the rules outlined by the California Public Utilities Commission’s (CPUC) final decision and work with community
solar project developers and stakeholders on interconnection
and billing arrangements.
Standard and Virtual Net Metering
Standard Net Metering is a critical component of distributed
solar. It is what allows solar energy to be exported to the grid
in return for credits on the solar customer’s electric bill. This
works very well for homeowners who have a solar system
directly tied to their meter, but for community solar customers
whose generating solar system is not hardwired to their meter,
Virtual Net Energy Metering (VNM) is required. VNM is an
electricity tariff arrangement that enables net metering credits
generated by a renewable energy system to be allocated to multiple retail electric meters within a utility’s service territory.
The existing VNM tariffs were first piloted under the
California Solar Initiative’s (CSI) Multi-family Affordable Solar
Housing Program (MASH). The CPUC authorized the expansion of VNM to all multi-tenant and multi-meter properties
in 2011 and directed the IOUs to file advice letters proposing
VNM tariffs for general participant (non-MASH) eligibility,
including proposed cost recovery for VNM billing administration. It is anticipated that the rules associated with the CPUC’s
final ruling will be in place by the end of 2012.
Senate Bill 843, Community-Based Renewable
Energy Self-Generation Program Bill
As it’s currently written, SB 843 (Wolk) would authorize a
“community facility” to enter into agreements with utility
customers to purchase power from the facility.5 These customers would remain IOU customers but receive a utility bill credit
for their share of the electricity delivered to the grid by the
facility’s renewable energy system. The bill limits the capacity
of any single generator’s facility to no more than 20 megawatts
(MW) and requires that it be located in California. Additionally, a single customer’s share of the facility credit cannot exceed
2 MW. Colorado passed a similar bill named the “Community
Solar Gardens Act” in 2010.
An amended version of the bill is expected to be released
in the first or second quarter of 2012, which then must work
its way through the state legislative process before becoming law. An anticipated timeframe for the law to be enacted is
2012-2013. Under SB 843, a community solar project would be
allowed in the territory of an IOU, a municipal utility, or via
5 “Community-Based Solar Self-Generation Program,” Wolk. CA
State Senate Bill 843. http://www.leginfo.ca.gov/pub/11-12/bill/sen/
sb_0801-0850/sb_843_bill_20110621_amended_asm_v97.pdf
48

SOLAR ENERGY RESOURCE GUIDE 9th edition

a community choice aggregation arrangement such as CleanPowerSF. The key question of energy valuation is one of the
remaining details to be negotiated.
Examples of Successful Community Solar Projects
Colorado SunShares
SunShares, a company in Colorado Springs, recently worked
with interested customers, solar contractor RGS Energy and
local utility Colorado Springs Utilities to construct a community solar garden on the Venetucci farm near Colorado Springs.
Customers paid $550 per panel for two years and received a
proportional credit of the 575-kilowatt array on their electric
bill. The program is looking to expand in Colorado.6
Sacramento Municipal Utilities Solar Shares Program
As a utility, SMUD issued a request for qualifications (RFQ)
for a community solar project and awarded it to enXco.
Participating subscribers (mostly renters) can choose to meet
20-40% of their electricity need with virtually credited solar.
Members pay a fixed monthly Solar Shares fee and are credited
on their electricity bill.7
Massachusetts Neighborhood Program
The Massachusetts Department of Public Utilities has piloted
“Neighborhood Net Metering,” which “will allow a customer
with a qualifying project who produces more power than they
use to transfer ‘net metering credits’ to other ratepayers with
the same utility. For example, a wind turbine could be built on
one person’s property and a whole group of friends, family, or
business associates could share in the project’s output.8
Conclusions
Community Solar is the next step in opening up distributed
solar energy to thousands of willing customers and represents
a big step in make solar viable in high-density areas. Positive
legislative rulings regarding SB 843 and virtual net metering
would transform California’s residential solar market and spur
a range of new solar projects and arrangements, many with
customers who have thus far been excluded from accessing
clean solar energy.
Steve Shoemaker, Solar Associate, San Francisco Department
of the Environment

6 “SunShares: How it works,” SunShares.
http://mysunshare.com/how-community-solar-works
7 “Solar Shares,” Sacramento Municipal Utilities District.
www.norcalsolar.org
https://www.smud.org/en/residential/environment/
solar-for-your-home/solarshares
8 “Massachusetts Net Metering,” Database of State Incentives for
Renewable Energy. http://www.dsireusa.org/incentives/incentive.
cfm?Incentive_Code=MA01R&RE=1&EE=1

Tools for Consumers,
Designers, Solar
Estimators
SolarTech, a nonprofit organization based in Silicon
Valley, has created an online tool that estimates PV systems’ energy production in a manner similar to miles
per gallon (MPG) ratings for cars. The tool is called
the Solar Energy Estimate (SEE) Report, and SolarTech
hopes that the tool will become a standard for helping
consumers and solar providers compare electricity production (in kilowatt-hours, kWh) from a variety of PV
modules and inverters. The tool provides an unbiased
estimate of electricity production for one year and for
25 years based on user inputs that include the expected
slope of the modules and the direction they face. Dropdown menus allow easy selection of specific inverters
and modules.
A team of honors students at San Jose State
University is assisting SolarTech with their marketing
efforts in order to gain consumer interest.
Try out the SEE Report at www.theSEEreport.org.
The SolarTech team explains its methodology at
http://solarhub.com/SEE-Report-Methodology (e.g.,
the SEE Report uses PVWatts version 2 to estimate firstyear production).
SolarTech announced the availability of the SEE
Report only a short time before NorCal Solar’s print
deadlines for this 9th edition of the SERG. Interested
parties can try out SEE then provide comments at
www.theseereport.org/suggestions.html.

Prof. Murray Milne of UCLA and a number of his students over the years developed a design tool, available
for free, called Home Energy Efficient Design (HEED).
It is an online tool for laypersons to help determine
savings of money, energy, and carbon emissions, allowing virtual design or remodeling of a home. According
to the HEED website www.energy-design-tools.aud.
ucla.edu/heed/, “You can draw in the floor plan of your
own house, then click and drag … window [type]s to
their correct location [in the virtual house]. You can
select from lists of typical wall and roof construction.
For advanced users there are more detailed design data
input options and output display graphics… HEED self
installs as a stand-alone program on …Windows 98 or
later and Macintosh OS X 10.4 or later. HEED also runs
in Spanish.”

More tools are listed in the “Solar Energy
Resources” section under “Online Tools &
Software
Photo courtesy Elaine Hebert

The upcoming generation playing with a demonstration solarpowered water fountain at an energy fair
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Other Applications of Solar
BY ELAINE HEBERT

We offer here a few more ideas of how solar can work. We have
written elsewhere in this Guide about solar electric (photovoltaics,
or PV), solar hot water, solar cooking, passive solar design, Passive
House standards, and so on. Here are a few other (smaller,
non-industrial) solar applications, and please feel free to contact us with any we’ve left out (send to info@norcalsolar.org).
Photos courtesy of Elaine Hebert

Drying clothes, saving space
with hangers on the clothesline
on Elaine Hebert’s back deck in
downtown Sacramento.

Saving space: a (foldable)
clothes drying rack in the
shower stall.

Solar Clothes Drying
Intrigued? Solar clothes drying is simply what our grand
mothers and maybe our grandfathers used to do — hang
clothes up to dry rather than use an electric or gas dryer.
Outdoor clotheslines and indoor drying racks are available in
many configurations, and you can still widely buy clothespins.
A few caveats and suggestions:
• You can quickly run out of clothesline space if you hang
every article of clothing on the rope with clothespins.
Clothes hangers (plastic or metal) for shirts, pants, etc. can
save substantial space.
• Some clothing will end up wrinkled. Irons use a lot of
electricity. If you need unwrinkled clothes, some fabrics do
better in the clothes dryer. If you’re trying to save energy or
money, you’d have to do an analysis comparing your iron’s
energy needs to your dryer’s (contact NorCal Solar if you
don’t know any energy nerds who can help with this).
• During rainy times, your clothes will still dry, but it takes a
lot longer.
• Short on space? Some people string a line over their bathtubs to hang clothes, and others place their drying racks in
the tub. Wall-mounted racks are available (gaiam.com, for
one source) and can be used indoors or out. Small hangers
are available that hang on a door.
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Solar Clothes Ironing
At a solar conference a few years ago, we learned that it’s
possible to use the sun, concentrate its heat with a parabolic
collector, and heat a clothes iron to temperatures hot enough to
get wrinkles out of clothes. YouTube has a terrific five-minute
video on solar ironing (as well as solar cooking in the snow
after a snowstorm) - www.youtube.com/watch?v=1yOOxCnM6Ns;
it takes an old-fashioned coal iron rather than a modern-day
electric iron. Use this strategy with great caution! Solar’s hot!

Solar food dryers.

Photos courtesy Sue Robishaw, ManyTracks.com

Solar Food Drying
If you’re a gardener and end up with an overabundance of
tomatoes, herbs, or other food items that can be dried and
eaten later, you can dry them without the use of an electric
food dryer. Several companies make netted hanging dryers that
allow air to circulate around the food and keep insects off. We
have also seen some elaborate dryers constructed with glass
and wood. Mother Earth News magazine has a long article
called “Build a Solar Food Dehydrator: Preserve Your Harvest
with Free Energy from the Sun” (by Eben Fodor, Aug/Sept
2006) at www.motherearthnews.com/Do-It-Yourself/
2006-08-01/Build-a-Solar-Food-Dehydrator.aspx. Michigan
homesteader Sue Robishaw shares her solar food drying tips,
including how to build one from salvaged materials, at
www.manytracks.com/Homesteading/SolarFoodDryer.htm.
More results come up if you search on Google or other search
engines on “Solar Food Drying.”
Built It Solar, “The Renewable Energy Site for Do-It-Yourselfers,” has a compendium of resources on solar food drying,
solar stills, solar cooking, and refrigerator-less vegetable storage.
Visit www.builditsolar.com/Projects/Cooking/cooking.htm.
www.norcalsolar.org
Elaine Hebert is retired from the California Energy Commission
and serves as NorCal Solar’s President.

What’s New and Coming
BY ELAINE HEBERT

We bring you a few brief looks into the future, soon to be the
present…
Formula for Zero Net Energy May Include
Geothermal Energy
According to Bruce Baccei at the Sacramento Municipal Utility
District (SMUD, Sacramento’s electric utility company), the
recommended formula to achieve net zero energy buildings is
super energy efficiency for building envelopes, HVAC (heating,
ventilation, and air conditioning), major and minor appliances,
lighting, and solar hot water, combined with photovoltaics, and
geothermal heat pumps. Geothermal uses the ground as energy
storage, as a source of moderate heat to get through extended
cool or cold cloudy periods, and as a source of cooling during
extreme hot periods by providing heat and coolness at “the
highest levels of efficiency possible, pulling heating energy from
the earth in winter and dissipating heat into the earth in summer.”
Editorial note: standard compressor-based air conditioning is a
major user of electricity, and on very hot days, the electricity grid
can be stressed in trying to meet the large demand for space
cooling. It’s possible that geothermal or other heat pumps could
provide space cooling with less of a demand for electricity.
Alex Wilson of Environmental Building News and
BuildingGreen.com, an energy expert based in New England,
writes a favorable article on heat pumps in Home Power magazine, Issue 149, Jun/Jul 2012, www.homepower.com. Alex used
to be against any form of electric heat but is now convinced
that heat pumps are very appropriate in many climates. Traditionally, electric heat meant baseboard or electric-resistance
heating, which is highly efficient at the point of use but suffers
energy losses through transmitting the electricity (a lot of electricity for this form of space heating) over long distances and

Find out more at www.norcalsolar.org.
Connect with us
through our social media channels

at the generation source. In the Home Power article, Alex states,
“[E]lectrical energy can be used to move heat from one place
to another — like from outdoors to indoors. That’s the basic
principle of a heat pump: it extracts heat from the outdoor air
(air-source heat pump) or from the ground (ground-source
heat pump) and delivers that heat inside the building.” While
heat pumps are not a new technology — they have been used
for years to heat and cool motel rooms — the movement
toward zero net energy for individual buildings may spurn
consideration of heat pumps in new applications.
Direct Current to Direct Current:
Another Bridge to Zero Net Energy
More and more, electrical and electronic devices that we
use every day are based on silicon or solid state technologies
that use direct current (DC) for internal operations. Some
forms of renewable energy generation, such as PV and wind,
produce DC current. Electricity entering our homes and businesses is alternating current (AC). This means that typically, a
PV system produces DC that is inverted to AC to match grid
electricity that is in turn converted back to DC in many devices
and appliances. Each conversion results in some loss of energy,
often as heat. A collaboration called the EMerge Alliance, and
others, are looking at commercial uses of DC microgrids in
which conversions from AC to DC are eliminated, saving both
money and energy. A number of prototype systems around the
world are installed in data centers (for the enormous DC loads
of information technology [IT] servers and data processing
equipment) and in warehouses (for solid-state — mostly LED
— lighting). Results are promising, showing that energy can
be saved from using DC to DC systems, pairing those systems
with renewable energy, and by increasing levels of efficiency
in the equipment and configurations of grids. While many
off-grid solar homeowners are very familiar with all-DC living,
it may be a while before we see DC systems in mainstream
homes. For more information, visit the Emerge Alliance,
www.emergealliance.org/, or GreenBuilding Power Forum,
http://greenbuildingpower.darnell.com/.

Elaine Hebert is retired from the California Energy Commission
and serves as NorCal Solar’s President.
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E info@calseia.org
T 916.747.6987
W calseia.org

Real connections are hard to find these days. Even harder to establish
are business partnerships that actually help you accomplish your
goals. We're trying to change that at CALSEIA. For more than 35
years, CALSEIA has provided its member companies with a strong
network of resources. We advocate for all facets of California's rooftop
solar industry: electricity generation and solar heating. Join CALSEIA
and help us advocate for you.

WE ARE THE COMMON THREAD THAT JOINS THE INDUSTRY.

Glossary of Solar and Energy Terms

ABSORPTIVITY A measure of the ability of a material to
absorb solar radiation. Solar thermal collectors should have a high
absorptivity.
ACTIVE SOLAR ENERGY SYSTEM A solar application that
uses electrical or mechanical equipment (typically pumps and/or
fans) to assist in the collection and storage of solar energy for the
purpose of heating or cooling (buildings, liquids, or gases) or to make
electricity.
ANGLE OF INCIDENCE The angle created by incoming radiation
and a line perpendicular to an intercepting surface.
AMPERE (AMP) The unit of measure that tells how much
electricity flows through a conductor. It is like using cubic feet per
second to measure the flow of water. For example, a 1,200 watt, 120volt hair dryer pulls 10 amperes (amps) of electric current (watts
divided by volts).
AMPERAGE The strength of an electrical current expressed in
amperes.
ARRAY See SOLAR ARRAY.

inert atmospheres, fire extinguishers, and aerosols. Also called
carbonic acid gas. Human-generated CO2 is attributed as a cause of
global warming, which is an increase in the average temperature of
the earth’s atmosphere, especially a sustained increase sufficient to
cause climatic change. See GREENHOUSE EFFECT.
CHARGE CONTROLLER A device used to prevent over or
undercharging of a battery or bank of batteries.

CIRCUIT One complete run of a set of electric conductors from a
power source to various electrical devices (appliances, lights, etc.) and
back to the same power source.
CLERESTORY: A window or group of windows placed high (above
eye level) on a wall or in a roof dormer for the purpose of decreasing
artificial lighting by bringing sunlight deeper into a building.
COMPACT FLUORESCENT LIGHT BULB (CFL) An energyefficient light source that lasts ten times longer and uses one fourth
the energy of a standard incandescent light bulb with the same light
output.

APERTURE That part of the south-facing glazing that contributes
to solar heating; literally, an opening.

BATTERY A device that can store and produce electrical energy.
BATTERY BACKUP See UNINTERRUPTIBLE POWER
SUPPLY (UPS).
BATTERY CELL One (typically two-volt) unit connected in series
or parallel to create a battery with the desired voltage and amperage.
BLOCKING or BYPASS DIODE A device that behaves like a
one-way check valve, allowing electricity to flow in one direction.

Solar Sales Solutions
• Residential Financing

• Professional, Branded Proposals
• System Design

BRITISH THERMAL UNIT (BTU) A measurement of energy
representing the amount of heat needed to raise one pound of water
by one degree Fahrenheit. About the same amount of energy released
by a single lit match.
BUILDING INTEGRATED PHOTOVOLTAIC (BIPV) A
term for integration of photovoltaic cells into the building envelope,
typically replacing conventional building materials. BIPV may be used
in vertical facades, skylights, and increasingly as roofing shingles.

Call us today 1.866.525.2123 x2 or visit
www.cleanpowerfinance.com

CARBON DIOXIDE (CO2) A colorless, odorless, incombustible
gas, formed during respiration, combustion, and organic
decomposition and used in food refrigeration, carbonated beverages,

www.norcalsolar.org
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CONDUCTION A method of heat transfer within a solid or when
two different materials physically touch. Conduction is the means
by which the handle of a frying pan gets hot or your bare feet get
hot when you walk on hot asphalt or sand. The rate of conduction is
dependent on the ability of molecules to receive and pass on energy.
CONVECTION, NATURAL A method of heat transfer where
a fluid (liquid, gas, or molten metal) picks up heat from one object
and carries it to another by currents that result from the rising of
lighter, warm fluid and the sinking of heavier, cool fluid. The two
objects exchanging energy don’t have to physically touch. Convection
is the source of the “wind chill factor” and the “cooling breeze” we
experience outdoors and the “draft” we often feel while indoors.
CONVECTION, FORCED Heat transfer through a fluid such as
air or water by currents caused by a device powered by an external
energy source, such as an electric fan or pump.
CURRENT The movement of electrical charge (electrons or ions)
through a circuit.

DAYLIGHTING An energy-saving strategy that provides interior
building lighting using indirect sunlight often provided by clerestory
windows, skylights, and light shelves. Natural daylighting has been
proven to improve productivity, attendance, and occupant health and
happiness.
DEGREE DAY Term referring to the number of units (degrees)
that the average outdoor temperature falls below or exceeds a base
value (usually 65 degrees F) in a day. Each degree that the mean daily
temperature is above the base value is called a cooling degree day
(CDD) unit. Each degree that the mean daily temperature is below the
base value is called a heating degree day (HDD) unit. The monthly
CDD and HDD values are simply the sum of the individual CDD and
HDD units for the days in the month. Degree-days are reasonably
good indices of the heating and cooling requirements of buildings.
DEMAND SIDE MANAGEMENT (DSM) The methods used
to manage energy demand including energy efficiency and load
management, which are steps taken to reduce power demand at peak
load times or to shift some of it to off-peak times.

DEPTH OF DISCHARGE (DOD) The ampere-hours removed
from a fully charged battery, expressed as a percentage of rated
capacity.
DIFFERENCE IN LIFE-CYCLE COSTS (Present-Value
Savings) The dollar value of the energy savings over the life of the
system.
DIRECT CURRENT (DC) An electrical current flowing
at constant electrical potential (voltage); electricity that flows
continuously in the same direction.
DISCOUNTED PAYBACK FOR FULL SYSTEM COST The
number of years it will take for the energy savings to pay back the full
cost of a solar system, taking into consideration the value of money
over time.
DISTRIBUTED SYSTEMS An alternative to the traditional large
centralized power plant. Distributed systems use smaller power plants
distributed throughout the service area, so if one power plant or
transmission line goes down, fewer people are affected. Every home
and business could have its own power plant (solar array and/or fuel
cell).The transmission lines can be smaller because the distances are
smaller, thus high voltage transmission over long distances becomes
unnecessary.

EARTH BERM A bank of earth placed up against the exterior
of a building to provide thermal stability. The daily and seasonal
temperature of the earth is less variable than the atmosphere. The
earth prevents convection and therefore eliminates the wind chill
factor.
EFFICIENCY A conservation strategy which seeks through
application of better technology or social organization to provide
the same or better level of service or performance while using less
resources in the process. Also a measure of the proportion of energy
that is converted by an energy conversion device into useful work,
such as electricity.
ELECTRICAL GRID The network of privately and publicly owned
transmission and distribution facilities from which most homes and
businesses in the U.S. get their electricity.

For a nuclear-free, safe,
renewable, and just
energy future.
Shut down California’s
earthquake-prone nuke
plants NOW!
www.nuclearfreecal.org
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ELECTROLYTE The fluid in batteries (sulfuric acid and
distilledwater) that acts as the transport medium for positively and
negatively charged ions.
EMISSIVITY A measure of the ability of a material to radiate heat.
Good glazing material should have a low emissivity (low-e).
ENERGY EFFICIENCY Using less energy/electricity to perform
the same function. A device is energy efficient if it provides
comparable or better quality of service while using less energy than a
conventional technology.Weatherization of buildings and ENERGY
STAR® appliances and office equipment are examples of efficient
technologies.
EQUALIZATION A controlled overcharge that restores all cells in a
battery to 100 percent State of Charge (SOC).

GRID The electricity transmission and distribution system to which
most homes in the U.S. are connected. A high voltage electrical grid
is expensive, resource intensive, technically complicated, and socially
sophisticated to build, maintain,and secure.
GRID-TIED PV SYSTEM A solar electric system connected to the
utility and capable of selling power back to the utility, depending on
utility approval and on having equipment specifically designed for
that purpose.

HEAT Energy in the form of the motion of molecules; a form into
which all other forms of energy may be converted.
HEAT CAPACITY A measurement of the specific heat of a
material multiplied by its density. See SPECIFIC HEAT.

FLAT-PLATE COLLECTOR A device used to trap the sun’s heat
and transfer it to a fluid. Collectors for low temperature applications
(pool heating) can be made of plastic. For higher temperature
applications (water and space heating) the collectors are usually
made of copper and aluminum and the collector surfaces have a
selective surface coating. They are typically enclosed in a glass-covered
insulated box facing south.

HEAT GAIN An increase in the amount of heat contained in a
space, resulting from direct solar radiation and the heat given off by
people, lights, equipment, machinery, and other sources.
HEAT SINK A body capable of accepting, storing, and releasing
heat; it therefore may also act as a heat source.
HYBRID SOLAR SYSTEM A system that combines passive solar
collection with active transport of heat into a single storage system.

FLOAT CHARGE A low rate of charge that will maintain a battery
at a full state of change without overcharging the battery.

GASSING The separation of hydrogen and oxygen that occurs as
the battery approaches 100 percent State of Charge (SOC). It can also
happen if the battery is under heavy load. This gas is very explosive in
concentrations of more than 2 PPM (parts per million).
GIGAWATT One billion watts.
GLAZING A glass covering. The term can refer to a fiberglass or
plastic covering as well.
GREEN POWER Electricity generated from renewable energy
sources. Examples of green power are solar, wind, biomass,
geothermal, tidal, and small hydroelectric power.
GREENHOUSE EFFECT A natural process whereby a system
exposed to sunlight gradually becomes warmer when the boundary
layer (glass, or gas) is transparent to high frequency radiation (visible
light) but opaque to low frequency radiation (infrared light). It
works as follows: Sunlight penetrates the boundary layer and strikes
a molecule within, causing it to warm up. The molecule gives off heat
and returns to its original steady state. The heat may travel back to the
membrane but is reflected or absorbed. Half of the energy absorbed
is released outward and half inward. The reflected heat and half the
absorbed heat remains within. As a result, the system as a whole
warms up. This process operates on a small scale for greenhouses,
homes, or vehicles and on a large scale for planets.

Swenson Solar integrates proven energy components
into large-scale commercial solar energy systems. We
use a transparent development model with our clients
as partners. Our model enables financial analysts to test
a variety of assumptions and variables. The result is a
system design that all stakeholders understand to make
sound business decisions.
Swenson has developed a unique expertise which
translates into more efficient, cost-effective solar energy
solutions for our clients.
831-423-4362 Santa Cruz, CA www.swensonsolar.com
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INTEGRATED COLLECTOR STORAGE A type of solar
thermal collector where the fluid being heated is stored within the
collector. The simplest design uses an uninsulated water heater tank
in an insulated box with glass on the side facing south.Water comes
in one end of the tank is gradually heated by the sun and leaves at a
higher temperature.
INTEGRATED DESIGN An inclusive process (sometimes called
Whole Systems Design) that considers the many disparate parts of
a building project, and examines the interaction between design,
construction, and operations, to optimize the resources (natural,
spiritual, social, and technical) used. The strength of this process
is that all relevant issues are considered simultaneously during
the design process by the whole team of designers, builders, and
maintenance people in order to “solve for pattern” or solve many
problems with one solution. The goal of integrated design is to create
developments that have the potential to heal damaged environments
and become net producers of energy, healthy food, clean water and
air, and healthy human and biological communities.
INTERTIED PV SYSTEM See GRID-TIED PV SYSTEM.
INVERTER A device used to convert DC energy to AC energy. It
often includes the ability to condition the power (balance the high
spikes and low troughs in the AC power curve). Inverters are a key
component of PV systems, since PV panels produce DC power and
the electrical grid uses AC power. System inverters are those that
convert power from many panels at one time, and micro inverters are
smaller such devices that convert power from only one or two panels
at a time.

INCANDESCENT LIGHT BULB The common light bulb
invented by Thomas Edison, which heats up a piece of metal in a
vacuum until it gives off light. Ninety percent of the energy used is
transformed into heat, with only ten percent being visible light.
INDIGENOUS ENERGY RESOURCES Power and heat derived
from sources native to a particular location. These can include
geothermal, hydro, biomass, solar, and wind energy. The term is
usually understood to include cogeneration facilities.
INFILTRATION The uncontrolled inward leakage of air through
cracks and gaps in the building envelope, especially around windows,
doors, and duct systems.
INFILTRATION BARRIER A material placed on the outside or
the inside of exterior wall framing to restrict inward air leakage while
permitting the outward escape of water vapor from the wall cavity.
INSOLATION Incident Solar Radiation, a term denoting the
amount of solar radiation (all wavelengths—direct, diffuse, and
reflected) that strikes the ground over a period of time. The amount
of radiation at a particular instant is called IRRADIANCE.
INSULATION, THERMAL A material that inhibits the flow of
heat from one place to another by limiting conduction, convection,
radiation, or evaporation.
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JOULE (J) A unit of work or energy. It takes 1,000 joules to equal
a British thermal unit (BTU). It takes 1 million joules or 1000 BTU to
make a pot of coffee.
JUNCTION BOX a safe enclosure for electrical connections in a
PV installation.

KBTU One-thousand (1,000) BTUs.
KILOVOLT (KV) One-thousand volts (1,000). Distribution lines in
residential areas usually are 12 kV (12,000 volts).
KILOWATT (KW) a unit of electrical power equal to 1000 watts, a
standard measure of energy consumption or production.
KILOWATT-HOUR (kWh) a measure of the amount of
electrical energy used or produced determined by the rate of energy
consumption (production) times the
amount of time over which
www.norcalsolar.org
it was consumed (produced). This is the standard unit of billing
for electrical energy. If a 100-watt light is on for ten hours it has
consumed 1000 watt hours or one kWh of energy.

LATENT HEAT A change in the heat content that occurs without
a corresponding change in temperature of a substance, usually
accompanied by a change of physical state (as from liquid to vapor
during evaporation or liquid to solid during freezing).
LATENT LOAD The cooling load caused by moisture in the air.
LATITUDE The angular distance north or south of the equator,
measured in degrees of arc.
LIFE-CYCLE COSTS Amount of money necessary to own,
operate, and maintain something over its useful life.
LIGHT A range of wavelengths of electromagnetic radiation given off
by hot objects and certain chemical or physical reactions. It includes
the visible, infrared, ultraviolet, and x-ray spectra. The speed of light
in a vacuum is a constant 186,281 miles per second.
LIGHT SHELF a light-colored horizontal surface placed inside or
outside and just below a clerestory window. It is designed to reflect sun
light up to the ceiling and deeper into the building while reducing glare.
LOAD Refers to any device consuming energy. Usually expressed in
units of watts or amps.
LOW-E A special coating, usually a very thin layer of metal that
reduces the emissivity of a window assembly by reflecting low
frequency radiation (heat) thereby reducing the heat transfer through
the assembly.
LUMEN (LM) A unit of measure of the total light available from a
light source.
LUMENS/WATT A unit of measure of the efficiency of a light
fixture; the number of lumens output per watt of power consumed.
LUMEN MAINTENANCE CONTROL An electrical control
device designed to vary the electrical consumption of a lighting
system in order to maintain a specified illumination level.

The sun is
my source of
inspiration.
Every time I feel the warmth of the sun
on my face I’m reminded what a powerful
source of energy it is. As both a Palo Alto
resident and employee at the City of Palo
Alto Utilities, I get to share my enthusiasm
for solar energy by taking people through
the process, start to finish.
Palo Alto’s concern for the environment and
sustainability have led us to provide solar
electric (PV), solar water heating and many
efficiency rebates and programs for years.
Learn more about our solar
programs, incentives and
rebates at:
www.cityofpaloalto.org/
PVpartners

—Lindsay Joye
Marketing Engineer

LUMINAIRE A complete lighting unit consisting of a lamp or lamps
together with the parts designed to distribute the light, to position
and protect the lamps and to connect the lamps to the power supply.

MACROCLIMATE The climate of a defined region, such as a
valley, plain, desert, coastline, or mountain range, created by a unique
combination of wind, topography, solar exposure, soil, and vegetation
of the region. One macroclimate region will have many local
microclimates, which may be significantly different.
MARGINAL COST The sum that has to be paid for the next
increment of product of service. The marginal cost of electricity is the
price to be paid for kilowatt-hours above and beyond those supplied
by presently available generating capacity.

PHOTO: © Melissa Wuschnig

www.cityofpaloalto.org/utilities
(650) 329–2241
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MEGAWATT (MW) One thousand kilowatts (1,000 kW) or one
million (1,000,000) watts. One megawatt is enough energy to power
1,000 average California homes.
MEGAWATT HOUR (MWH) One thousand kilowatt hours.
METER A device for measuring levels and volumes of a customer’s
gas and electricity use.
MICROCLIMATE The climate of a defined local area, such
as a house, building site, or neighborhood, formed by a unique
combination of wind, topography, solar exposure, soil, and
vegetation of the area. All microclimates are a part of larger regional
macroclimates, which may be significantly different.
MIL One-tenth of one cent $0.001.
MONOCRYSTALLINE SILICON Photovoltaic cells which are
made of a single type of silicon crystal, having a continuous lattice
structure with very few defects or impurities. Monocrystalline cells
are characterized by their high efficiencies; however the complex
manufacturing process required to produce monocrystalline silicon
results in higher costs than polycrystalline silicon.
MUNICIPAL ELECTRIC UTILITY A power utility system owned
and operated by a local jurisdiction.

NATIONAL ELECTRIC CODE (NEC) A regionally adoptable
standard for the safe installation of electrical wiring and equipment
in the United States. The NEC, while having no legally binding
regulation as written, can be and often is adopted by states,
municipalities and cities in an effort to standardize their enforcement
of safe electrical practices within their respective jurisdiction.
NET-ZERO (OR ZERO-NET) ENERGY Refers to offsetting
the energy used in a building with energy generated onsite from
renewable sources such as solar. The concept broadens if considering
energy losses (offsite) at the power plant and in transmitting
electricity over wires or if considering offsetting carbon emissions
from the power plant.
NEWTON A unit of force. The amount of force it takes to accelerate
one kilogram at one meter per second per second.
NET METERING A method of accounting for energy produced
on a customer’s site that is sold back to the local utility. It requires
utilities to give the customer credit for such electricity.
NUCLEAR ENERGY Power obtained by splitting heavy atoms
(fission) or joining light atoms (fusion). A nuclear energy plant uses a
controlled atomic chain reaction to produce heat. The heat is used to
make steam that runs conventional turbine generators.

Find out more at www.norcalsolar.org.
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OCCUPANCY SENSOR A control device that senses the presence
of a person or animal in a given space. It is commonly used to control
lighting systems in buildings.
OHM (W) A unit of measure of electrical resistance. One volt will
produce a current of one ampere through a resistance of one ohm.
ORIENTATION The position of a building or solar collector array
relative to compass points and the path of the sun.
OUT-GASSING The process by which volatile chemicals are
released from building materials after they have been installed.
Oftentimes this results from the finishes, binders, or adhesives used
to create industrial building materials. Some of these chemicals have
been shown to cause cancers. Chemically sensitive individuals can
have an unfavorable reaction to outgassing.
OUTSIDE AIR Air taken from outdoors and not previously
circulated through the HVAC system.
OVERHANG Any horizontal projection that serves as a shading
element for a window.

PASSIVE SOLAR BUILDING A carefully designed system that
uses orientation to south, proper window sizing, seasonal window
shading, extra insulation, and properly sized internal mass to supply
most of its heating and cooling requirements. The building’s shell
collects or rejects the right amount of heat needed for the season
simply because it has the proper form in relation to the sun. Backup
heating or cooling is only needed on extremely hot or cold days.
Radiant heat assures comfort and quiet for the building’s occupants.
Day-lighting reduces the need for artificial light. The building
embraces the natural rhythms of the days and the seasons.
PASSIVE SOLAR ENERGY SYSTEM A solar heating, cooling,
or electrical generation system that uses no external mechanical
power to move the collected solar heat or electricity. Instead it uses
the natural heat transfer processes (radiation, conduction, and
convection) and the “greenhouse effect” to collect, distribute, and
store useable heat or coolness without the help of mechanical devices
(pumps or fans).These systems have few moving parts and are
therefore considered “passive.”
PEAK DEMAND OR PEAK LOAD The highest electrical
demand within a particular period of time. Daily electric peaks
on weekdays occur in late afternoon and early evening. Annual
peaks occur on hot summer days. Maximum solar electricity (PV)
generation usually occurs during peak demand periods.
PERM The measurement of waterwww.norcalsolar.org
vapor through different materials
measured in perm-inch (mass of water vapor moving through a unit
area in unit time).

Glossary
PHOTOVOLTAIC (PV) The ability to generate a current or
voltage when exposed to visible light or other electromagnetic
radiation. “Photo” means light, “voltaic” refers to electricity.

of the solar equipment, rather than the customer at the solar site.
The outside provider owns the equipment and sells electricity to the
customer at an agreed-upon cost, usually lower than market rate.

PHOTOVOLTAIC ARRAY A number of PV modules connected
together.
PHOTOVOLTAIC (PV) CELL A semiconductor that converts
light directly into electricity.
POLYCRYSTALLINE SILICON A PV cell that is made up
of different types of silicon crystals. This type of material is much
cheaper to produce than monocrystalline cells, but tends to be slightly
less efficient.
POWER (1) Electricity for use as energy. (2) The instantaneous rate
at which energy is produced or used.
PROGRAMMABLE CONTROLLER A device that controls the
operation of electrical equipment (such as air conditioning units and
lights) according to a preset time schedule.
PUMPED HYDROELECTRIC STORAGE A commercial
method used for large-scale storage of power. During offpeak times,
excess power is used to pump water to a reservoir. During peak times,
the reservoir releases water to operate hydroelectric generators.
POWER PURCHASE AGREEMENT (PPA) A power contract,
where an outside provider finances the purchase and installation

QUAD One quadrillion (10 to the power of 15 or
1,000,000,000,000,000) British thermal units (BTU). An amount of
energy equal to 170 million barrels of oil.

R-VALUE A unit of thermal resistance used for comparing
insulating values of different material. It is basically a measure of
the effectiveness of insulation in stopping heat flow. The higher the
R-value of a material, the greater its insulating properties and the
slower the heat flow through it. The specific value needed to insulate a
home depends on climate, type of heating system, and other factors.
RADIANT BARRIER A device designed to reduce or stop the flow
of radiant energy.
RADIANT ENERGY Energy transferred by the exchange of
electromagnetic waves from a hot or warm object to one that is cold
or cooler. Direct contact with the object is not necessary for the heat
transfer to occur.

Your Solar Partner
WORLDWIDE
One Source for All Your Needs
Developing efficient solutions for the photovoltaic industry requires a 360-degree
approach. Henkel’s high-quality tailor-made adhesives, sealants and cleaners improve
quality, enable highly automated production processes, and increase production
speed, decreasing your manufacturing cost.
The innovative Henkel solutions have an excellent reputation worldwide.

www.henkelna.com/solar
Henkel Corporation | Engineering Adhesives, One Henkel Way, Rocky Hill, Connecticut 06067
Tel: 860.562.8483 | Tel: 800.263.5043 (within Canada)
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Glossary
RADIATION, THERMAL The flow of energy across open space
via electromagnetic waves. Visible light is an example. Thermal
radiation is the most efficient form of heat transfer.

SOLAR CONSTANT The amount of heat energy delivered by
solar radiation to a square foot of material set perpendicular to the
sun’s rays for one hour at the outer edge of the earth’s atmosphere.

RECOVERED ENERGY Reused heat or energy that otherwise
would be lost. For example, a combined-cycle power plant recaptures
some of its own waste heat and reuses it to make extra electric power.

SOLAR-COOLING FRACTION The percentage of cooling needs
supplied by the passive solar system.

THERMAL EFFICIENCY In gas water heaters, a measure of the
percentage of heat from the combustion of gas which is transferred to
the water, as measured under specified test conditions.
RENEWABLE ENERGY (R-E) Energy produced from virtually
inexhaustible resources, resources that constantly renew themselves
or that are regarded as practically inexhaustible. These include solar,
wind, geothermal, hydro (water power), and wood.
RESISTANCE, ELECTRICAL see OHM The ability of all
conductors of electricity to resist the flow of current, turning some of
it into heat. Resistance depends on the cross section of the conductor
(the smaller the cross section, the greater the resistance) and its
temperature (the hotter the cross section the greater its resistance).

SEASONAL ENERGY EFFICIENCY RATIO (SEER) The
total cooling output of a central air conditioning unit in BTUs during
its normal usage period for cooling divided by the total electrical
energy input in watt-hours during the same period, as determined
using specified federal test procedures.
SELECTIVE SURFACE Special material designed to have a high
absorptivity and a low emissivity. Typically used to coat absorption
surfaces in solar thermal collectors.

SOLAR-HEATING FRACTION The percentage of heating needs
supplied by the passive solar system.
SOLAR MODULE A device designed to collect solar energy
—either a heated fluid (solar thermal collectors), or electricity
(photovoltaic [PV] modules).Modules may be connected together to
form panels and connected panels form arrays.
SOLAR PANEL A group of modules, which are part of an array,
wired or plumbed together in parallel or series to obtain a desired
voltage, amperage, flow rate, or pressure drop.
SOLAR RADIATION See INSOLATION.
SPECIFIC HEAT The amount of heat, measured in BTUs for a
given mass, that a material can hold when its temperature is raised
one degree Fahrenheit.
STANDBY LOSSES Energy losses when a system is not in use. In
a water heating system, standing losses would come from the pilot
light (for gas) and heat loss from the tank.
SUPER INSULATION An energy conservation strategy where
a large amount of insulation is added to the shell of a building.
Combined with other efficient and solar design practices, it eliminates
the need for mechanical heating and cooling, and thus pays for the
extra cost of the insulation.

SENSIBLE HEAT Heat that results in a temperature change.
SHADING The protection from heat gains due to direct solar
radiation. Shading is provided by (1) permanently attached exterior
devices, glazing materials, adherent materials applied to the glazing,
or adjacent structures or vegetation and (2) devices affixed to the
structure for residential buildings, i.e. awnings.
SICK BUILDING SYNDROME A situation where the
inhabitants of a building (often a newly constructed building) are
effected adversely by chemicals given off by the building materials
(new building or new car smell). Carpets, finishes, plastics, and
manufactured wood are often cited as sources. Older buildings can
be affected by molds and fungus growing in the mechanical system
ducting or under the carpet (old building or old car smell).
SOLAR ARRAY Any number of solar modules or panels
connected together to provide a single output.
SOLAR CELL The most basic photovoltaic device which, when
exposed to sunlight, generates electricity. Solar cells can be wired
together to make a PV module. Each solar cell can generate about 1/2
volt of electricity.
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THERMOSIPHON SYSTEM A solar water heating system that
doesn’t require pumps. In one such design, the top of a flat-plate
collector is located about 18” below the bottom of a insulated storage
tank. A pipe from the bottom of the tank connects to the bottom
header of the collector. The top header of the collector is connected to
the middle of the storage tank. Cold (heavier) water from the bottom
of the tank falls to the bottom of the collector, where the sun warms
it up. Warm water expands and becomes lighter rising in the collector
and returning to the tank by natural convection. Since there are no
pumps required, this is considered a passive system.
TIME-OF-USE METER A measuring device that records the times
during which a customer uses various amounts of electricity. This
type of meter is used for customers who pay time-of-use rates.
TIME-OF-USE (TOU) RATES Electricity prices that vary
depending on the time periods in which the energy is consumed. In
a time-of-use rate structure, higherwww.norcalsolar.org
prices are charged during utility
peak-load times. Such rates can provide an incentive for consumers to
curb power use during peak times.

Name of Article
TON OF COOLING A useful cooling effect equal to 12,000 BTU
hours. The approximate amount of energy it takes to melt a ton of ice.
TRANSMITTANCE The time rate of heat flow per unit area under
steady conditions from the air (or other fluid) on the warm side of
a barrier to the air (or fluid) on the cool side, per unit temperature
difference between the two sides.
TRANSFORMER A device that transforms alternating or
intermittent electric energy in one circuit into energy of similar
type in another circuit, commonly with altered values of voltage and
current. Transformer “boxes” are used for small electric appliances,
such as radios, printers, cell phone chargers, and any unit requiring a
“standby” mode of operation.

UNCONDITIONED SPACE A space that is not fully weather
sealed and not directly heated or cooled by mechanical means. This is
opposed to conditioned space, and can be isolated from conditioned
space by partitions and/or closeable doors.
UNINTERRUPTIBLE POWER SUPPLY (UPS) A system that
provides continuous power regardless of what is happening on the
grid. UPS systems typically include a battery. Frequently used with
computer systems to keep essential data and software safe from power
outages and with photovoltaic energy systems to maintain power if
the grid goes down.

Connect with us
WATT HOUR One watt of power expended for one hour. One
thousandth of a kilowatt hour (kWh).
WEATHERSTRIPPING Specially designed strips, seals, and
gaskets installed around doors and windows to limit air leakage.
WHOLE HOUSE FAN A system capable of cooling a house by
exhausting a large volume of warm air when the outside air is cool.

ZONAL CONTROL A method of designing and controlling the
HVAC system of a residence so that living areas can be maintained at
different temperatures.

CREDITS Many of these entries were taken from the California
Energy Commission’s website and Wikipedia. We modified
freely. The CEC is not responsible for any errors. Ed Nold, who
originally assembled this Glossary, is the principal of Green
Home Design, a residential design and consulting firm in the
San Francisco Bay Area. Tim Hawkins, Claire Curtin, and Pete
Shoemaker assisted in additional writing and editing.

VOLT (V) A unit of electromotive force. It is the amount of force
required to drive a steady current of one ampere through a resistance
of one ohm. U.S. electrical systems generally use 120 volts.
VOLTAGE A measure of the force or “push” given the electrons
in an electrical circuit; a measure of electrical potential. One volt
produces one amp when acting against a resistance of one ohm.
VAPOR BARRIER A material that resists the transmission of
water vapor, technically with a permeance rating of one perm or less.
VENTILATION The process of supplying or removing air by
natural or mechanical means to or from any space. Such air may or
may not have been conditioned or treated.
VISIBLE LIGHT TRANSMITTANCE The ratio of visible light
transmitted through a substance to the total visible light incident on
its surface.

WATT (W) A unit of measure of energy over time, equal to
one joule per second. The watt is used to specify the rate at which
electrical energy is dissipated, or the rate at which electromagnetic
energy is radiated, absorbed, or dissipated.
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Solar Energy Resources
This resource section consists of the
following topics and subtopics:

Education & Support Organizations
Advocacy and Community Associations

I.
		
		
		
		
		
II.

Education & Support Organizations
• Advocacy and Community Associations
• Industry Associations
• Energy Policy, Programs and Research
• Green Building
• Workforce Development & Training
Print Periodicals

III.

Electronic Newsletters & News Sites

IV.

Web Blogs & Portals

V.
Renewable Energy
		Equipment Catalogs
VI.

Online Tools & Software

VII.
Training & Continuing Education
		
• Certifications
		
• Classes, Workshops and Professional
			
Programs
VIII.
		
		
IX.

Conferences & Events
• Calendar Listings
• Annual Conferences and Events
State & Local Utilities

The Resources section of this Guide was written and
compiled by staff and volunteers of NorCal Solar. No
agency, company or organization paid for listing.

Bay Area Climate Collaborative: An organization dedicated to
creating a more prosperous, healthy and vibrant community based on
clean energy and action on climate. Administers the SunShares, solar
group-buy program. San Jose, CA. 408-634-4554,
http://www.baclimate.org
BlueGreen Alliance: Conducts research and educated the public
and media about solutions to environmental challenges that create
economic opportunities for the American People. A key initiative is
the Apollo Alliance Project, which promotes investment in the clean
energy economy. San Francisco, CA.
http://www.bluegreenalliance.org/apollo
California Interfaith Power and Light: Focuses on educating faithbased groups about energy efficiency and programs to stop global
warming through environmental stewardship. San Francisco, CA.
415-391-4292, http://www.interfaithpower.org
Center for Energy Efficiency and Renewable Technologies (CEERT):
A partnership of major environmental groups and clean energy
companies working together to build the renewable energy economy
in California and the West. Sacramento, CA. 916-442-7785 or
877-PLUGIN2, http://www.ceert.org
Center for Resource Solutions (CRS): An organization dedicated
to advocating policy and market solutions to advance sustainable
energy. The Center administers the Green-e program, which certifies
renewable power products sold by marketers, utilities, and energy
service providers in wholesale and retail markets. San Francisco, CA.
415-561-2100, http://www.resource-solutions.org and
http://www.green-e.org
Ecology Action: A nonprofit environmental consultancy serving
the greater Monterey Bay area. Cutting-edge education, technical
assistance, and implementation of initiatives that assist individuals,
business, and government to maximize environmental quality and
community well being. Santa Cruz, CA. 831-426-5925,
http://www.ecoact.org
Environment California: A research and advocacy organization dedicated to protecting our air, water and open spaces in California. Los
Angeles, CA. 213-251-3688,
http://www.environmentcaliforniacenter.org
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Northern California Solar Energy Association (NorCal Solar):
Dedicated to accelerating the use of solar energy through the exchange of information since 1974. NorCal Solar is a chapter of the
America Solar Energy Society (ASES). Berkeley, CA. 530-705-8813,
http://www.norcalsolar.org

Will YOUR
SOLAR SYSTEM
be working when she

GOES TO

Redwood Alliance: A community-based social and environmental
organization whose focus is advocacy and education to promote safe
and energy efficient energy use and development. Arcata, CA.
707-822-7884. http://www.redwoodalliance.org

COLLEGE?

Solar Sonoma County: Supports solar power and energy efficiencyrelated policy issues, educates and trains community members about
solar power and solar energy, advocates for a rapidly growing industry, and acts as a clearinghouse for clean energy in Sonoma County.
Rohnert Park, CA. 707-664-6488, http://solarsonomacounty.org

Make Sure it Will.
Insist on a NABCEP Certified Solar Installer.
Find a NABCEP Certified installer or
technical sales professional near you at

www.nabcep.org

Global Green: Global Green USA works with governments, industry,
and individuals to create a global value shift towards a sustainable and
secure future. Santa Monica, CA. 310-581-2702,
http://www.globalgreen.org/climate
Self-Sustaining Communities: Works with low-income residents
and community members to create wide-scale, environmentally
sustainable local food production in distressed and needy
neighborhoods. Richmond, CA. 510-230-0904,
http://www.self-sustainingcommunities.org
Sierra Club & Sierra Club California: Local
groups and chapters address energy policy and
renewable energy programs. Check out their
national campaign to achieve dramatic reductions
in greenhouse gas emissions. http://www.sierraclub.
org/, http://sierraclubcalifornia.org/

Union of Concerned Scientists: A partnership of citizens and scientists, who analyze and advocate energy solutions that are environmentally and economically sustainable. West Coast office: Berkeley, CA.
510-843-1872, http://www.ucsusa.org
Vote Solar: Advocates for pro-solar energy programs and promotes a
national transition to clean energy by empowering city governments
to implement large scale, cost-effective solar projects. San Francisco,
CA. 415-817-5062, http://www.votesolar.org

Industry Associations
California Solar Energy Industries Association (CalSEIA): Advocacy
of pro-solar legislation, public education about uses of solar
energy and connecting consumers with solar energy
providers. CalSEIA is the California chapter of the
national Solar Energy Industries Associations. Rancho
them
Cordova, CA. 916-747-6987, http://www.calseia.org

Tell
you saw
their ad in the
SERG!

Solar Cookers International: Provides directions for purchasing or building solar cooking devices and solar-cooking recipes
and supports solar cooking awareness and skills worldwide, particularly in areas with plentiful sunshine and a diminishing supply of
cooking fuel. Headquarters in Sacramento, CA. 916-455-4499,
http://www.solarcooking.org
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The Utility Reform Network (TURN): A consumer watchdog group,
providing information, education, and referrals. Conducts research
on energy and telecommunications policy issues and maintains public
and media outreach programs. San Francisco, CA. 415-929-8876,
http://www.turn.org
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Solar Electric Power Association (SEPA): Coalition
of utilities, energy service providers, and the photovoltaic industry providing networking events, workshops,
and notification of projects to encourage commercial use
of solar power. Washington, DC. 202-857-0898,
http://www.solarelectricpower.org
www.norcalsolar.org
Solar Energy Industries Association (SEIA): SEIA is the national
trade association of the U.S. solar industry. Provides solar policy
advocacy and education, solar-energy industry news, and information

about incentives for buying solar products. Washington, DC.
202-682-0556, http://www.seia.org.
SolarTech: An initiative of the Silicon Valley Leadership Group, this
consortium works to resolve technical and market barriers to hinder
the widespread adoption of solar energy for residential and commercial systems. San Jose, CA. http://solartech.org

Energy Policy, Programs and Research
Alliance to Save Energy: Provides energy-efficiency information
through research, education and advocacy. Washington, DC.
202-857-0666, http://www.ase.org
America Council for an Energy-Efficient Economy: Provides energyefficiency technical & policy assessments, workshops, and information for businesses and consumers. Washington, DC. 202-507-4000,
http://www.aceee.org
California Energy Commission: Implements a variety of energyefficiency research, incentives, and programs. A huge wealth of
information at http://www.consumerenergy.org and
http://www.FlexYourPower.org
Energy Star: Joint program of the U.S. Environmental Protection
Agency and the U.S. Department of Energy featuring energy-efficient
information, products, and services. Washington, DC.
http://www.energystar.org
Lawrence Berkeley National Laboratory, Environmental Energy
Technology Division: Conducts research programs and provides
energy efficiency information to consumers. Berkeley, CA.
510-486-4435, http://eetd.lbl.gov

Save the Dates
July 9–11, 2013
North America’s Premier Exhibition
and Conference for the Solar Industry
Moscone Center, San Francisco

Local Government Commission: Connects local governments and
communities to build sustainable solutions. Sacramento, CA.
916-448-1198, http://www.lgc.org
California Solar Center: Conducts solar forums and provides news
and information on solar-energy issues throughout California. A
project of the Rahus Institute, 925-370-7262, http://www.rahus.org,
http://www.californiasolarcenter.org

Barbara Nishi Graphic Design
Specializing in creative, thoughtfully
crafted graphic communications for
non-profits and growing businesses
design@barbaranishi.com

Co-located with

www.intersolar.us
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Florida Solar Energy Center (FSEC): Research institute of the University of Central Florida supporting renewable energy and energyefficiency research, training, and testing. Provides information on
alternative energy sources and improved building techniques. Cocoa,
FL. 321-638-1000, http://fsec.ucf.edu

Resources for the Future (RFF): A nonprofit and nonpartisan organization dedicated to conducting independent research – rooted in
economics and social sciences – on environmental, energy, natural
resource and environmental health issues. Washington, DC.
202-328-5000, http://www.rff.org

International Solar Energy Society (ISES): Provides practical technology transfer, education, training, publications, and support for
renewable energy development. Freiburg, Germany. +49-761-45906-0,
https://www.ises.org/ises.nsf

UC Solar: A multi-campus research institute made up of faculty
from the University of California’s Merced, Berkeley, Santa Barbara,
Davis, and San Diego campuses. UC Solar conducts cross-disciplinary
research that leads to new and improved solar energy generation technologies and educates the energy industry and the next generation of
energy scholars. Merced, CA. 209-228-4565, http://ucsolar.org

Interstate Renewable Energy Council (IREC): Consortium of renewable-energy leaders offering education, coordination, and research to
support renewable energy. Latham, New York. 518-458-6059,
http://www.irecusa.org
National Renewable Energy Lab (NREL): Cutting-edge
research and development for the U.S. Department of
Energy Office of Energy Efficiency and Renewable
Energy. Supporting clean-energy entrepreneurs.
Golden, CO. 303-275-3000, http://www.nrel.gov
Renewable Energy Policy Project (REPP): Provides
in-depth reports and publications, discussion groups,
community calendar. Washington, DC. 202-293-2898,
http://www.repp.org

Green Building
American Solar Energy Society (ASES): Advances the use of
all renewable energy sources through publications, solar
energy conferences, and tours. Boulder, CO.
303-443-3130, http://www.ases.org

GET
CONNECTED!
Join NorCal
Solar

Architects/Designers/Planners for Social Responsibility: Provides educational resources and information to the public and professionals to encourage
ecologically and socially responsible development.
Northern California Chapter, Berkeley, CA.
510-845-1000, http://www.adpsr-norcal.org

Build It Green: Provides technical assistance, workshops, hotline services, and contact information to promote green building practices.
Oakland, CA. 510-590-3360, http://www.builditgreen.org
Development Center for Appropriate Technology (DCAT): Provides
information and support for sustainable building practices. Projects
include “greening” of U.S. building codes. Tucson, AZ. 520-624- 6628,
http://www.dcat.net
Passive House Alliance US: Supports and promotes design and construction principles resulting in a quantifiable performance standard
applied to any building, producing radically less energy needs, better
comfort and air quality. http://www.phalliance.com
Sustainable Building Industries Council (SBIC): Teaches and
advocates a holistic approach to environmentally sustainable, energy
efficient new construction, Washington, DC. 202-289-7800,
http://www.sbicouncil.org
U.S. Green Building Council: Membership organization advancing
green building practices. Northern California Chapter, San Francisco,
CA. 415-659-9404, http://www.usgbc-ncc.org
www.norcalsolar.org

Workforce Development and Training
Green Technical Education and Employment (Green Tech): Trains
and develops green skills in youth from traditionally underserved
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Solar Energy Resources
communities for careers in the emerging green collar workforce;
making them proficient in building design and construction trades,
science, entrepreneurship and engineering. Sacramento, CA.
916-224-1024, http://www.greentechedu.org
GRID Alternatives: Providing renewable energy and energy efficiency
services, equipment and training. Volunteers receive solar installation
training and then install systems for very low-income households.
Oakland, CA. 510-652-4730, http://www.gridalternatives.org
Rising Sun Energy Center (RSEC): Programs include training and
employment of young people ages 15–22 years old as Energy Specialists, direct installation by youth of efficiency hardware and renewable
technology in primarily low-income residences, and educational
workshops that promote resource literacy. Berkeley, CA.
510-665-1501, http://www.risingsunenergy.org

Print Periodicals
E/The Environmental Magazine: This bimonthly “clearinghouse” of
information, has news and resources for people concerned about the
environment who want to know “What can I do?” to make a dif-

ference. Articles and blogs cover a wide variety of topics and active
online community. http://www.emagazine.com/index.php
Home Energy: Bi-monthly nonprofit magazine whose mission is to
provide objective and practical information on all aspects of home
performance, from residential energy conservation to indoor air quality to building more energy-efficient homes.
510-524-5405, http://www.homeenergy.org
Home Power: The bi-monthly source for hands-on renewable energy
projects. Comprehensive coverage of solar, wind, and micro-hydro
electricity; home energy efficiency; solar hot water systems, space
heating and cooling; green building materials and home design;
efficient transportation; and much, much more. 800-707-6585,
http://www.homepower.com
Mother Earth News: Monthly magazine about self-sufficient living,
including green home building, renewable energy, pure food, and
organic gardening. http://www.motherearthnews.com/subscribe
Photon International - The Photovoltaic Magazine: Monthly indepth coverage of the PV industry, interesting updates on technology,
markets, and government programs around the world.
http://www.photon-magazine.com

www.norcalsolar.org
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PV News: One of the PV industry’s oldest newsletters. Each month
it brings original data, stories, and insight into the trends affecting
the industry. It provides industry participants and observers with
news stories and primary data from around the world on companies,
markets, and technologies.
http://www.greentechmedia.com/research/pv-news
Renewable Energy Focus: Bimonthly magazine covering the international renewable-energy industry and individual markets, research
applications and the successes and failures of renewable energy in the
field. Keeps manufacturers informed of competitors’ activities and
customers’ needs.
http://www.renewableenergyfocus.com
Renewable Energy World Magazine: Covers industry, policy, technology, finance and markets for all renewable technologies. Content is
aimed towards decision makers in power generation, local governments, energy advisory or planning agencies, manufacturers, large
energy users and other industries allied to the field.
http://www.renewableenergyworld.com
The Solar Energy Journal: The official monthly journal of the
International Solar Energy Society® (ISES) is aimed at architects,
technicians, and researchers involved in the design, construction and
utilization of photovoltaic and solar energy systems.
http://www.ises.org/shortcut.nsf/to/sej
Solar Industry: A monthly publication that offers readers comprehensive assessments of the technology, tools and trends that are driving the solar energy sector. http://www.aer-online.com/home.php
Solar Today: This award-winning magazine of the American
Solar Energy Society (ASES) covers all solar and renewable energy
technologies, from photovoltaic to climate-responsive buildings to
wind power and biomass, including building case studies, energy
policy, and community-scale projects. 303-443-3130,
http://www.solartoday.org

Electronic Newsletters
& News Sites
Build It Solar: Plans, tools, and information for your next “do-ityourself ” solar energy project. Good resources section and links to
many do-it-yourself solar projects. www.buildItsolar.com
Co-op America’s Green Energy Program: A great source of information on economic actions to help build a green energy future. Sign up
for the email list. Washington, DC. 800-584-7336,
http://www.greenamerica.org/programs/climate/cleanenergy
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Connecting to the Grid Newsletter: Published by the Interstate
Renewable Energy Council monthly. This newsletter contains news
and information about the growing relationship between utilities and
grid-tied renewable energy providers. FREE subscription: http://www.
irecusa.org/category/newsletters/connecting-to-the-grid-newsletter
Earth Toys AltErnergy E-magazine: Up-to-date information on alternative and renewable energy products, services, news and education.
This is an open, unbiased means for the alternative energy industry to
report on itself. San Diego, CA.
702-988-0904. http://www.earthtoys.com
EERE Network News: A weekly newsletter from the Department of
Energy’s Energy Efficiency and Renewable Energy Division (EERE)
covering energy efficiency and renewable energy news and events, new
EERE websites, and energy facts and tips. FREE subscription: http://
www.eere.energy.gov/news
The Energy Chronicle: The quarterly newsletter from the Florida
Solar Energy Center (FSEC) features the latest FSEC research, news
and technology updates. Sign up online. FREE Subscription
http://securedb.fsec.ucf.edu/labels/subscribe
IGreenbuild: Information-packed monthly news on sustainable
building. FREE subscription. http://www.igreenbuild.com
NREL News Releases: The National Renewable Energy Laboratory
(NREL) is the nation’s primary laboratory for renewable energy and
energy efficiency R&D. Subscribe for press releases, media advisories,
weekly news features, and the quarterly Continuum Magazine.
http://www.nrel.gov/news/subscription
PVResources: Provides a variety of solar resources and articles from
an international perspective. www.pvresources.com
Renewable Energy Access: Top choice for anyone interested in Renewable Energy. Weekly news, features, jobs, events, and more! FREE
subscription: http://www.renewableenergyaccess.com
Rocky Mountain Institute’s Solutions Journal: Monthly newsletter
with news, research, and policy ideas generated by the venerable
Rocky Mountain Institute, originally founded by energy pioneer
Amory B. Lovins. Subscribe for print version or for email announcements of newsletter in PDF.
http://www.rmi.org/Knowledge-Center/Journal
Solarbuzz: Solarbuzz is an international solar energy research and
consulting company. Their weekly newsletter summarizes the latest in
solar energy industry news, research and analysis.
www.norcalsolar.org
http://register.solarbuzz.com
Solar e-Clips: FREE newsletter on solar energy, including legislative
updates and info on California Solar Center forums, the California PV

Utility Manager working group, and the Solar Schoolhouse—a solarfor-schools program combining installation of solar energy systems
with hands-on curriculum. http://www.californiasolarcenter.org/
solareclips/eclips_subscribe.html
Sun-e News: Tons of news, vendors, and community resources. Create
an account and choose which newsletters you want to receive.
http://www.sun-enews.com
Sustainable Energy Coalition: An educational and advocacy group of
more than sixty national, environmental, consumer, and energy policy
organizations. Subscribe to the SEC Factoids RSS Feed.
http://www.sustainableenergycoalition.org

IT’S WHAT WE’VE DONE SINCE 1982

Technology News Review: From MIT, the Technology Review features
key articles and blog post on emerging technology.
http://www.technologyreview.com/energy

➠ Founded by Don Loweburg in 1982

TreeHugger.com: This web magazine promoting a modern yet
environmentally responsible aesthetic contains a directory, along with
news, reviews and recommendations of green products and services.
http://www.treehugger.com

§ Former Board Member CALSEIA
and NABCEP

§ Off grid specialist

➠ Company facilities PV powered since
1982 - “We Walk the Talk”

Web Blogs & Portals

➠ Full one year energy assessment prior
to design

Clean Tech Blog: Cleantechblog.com, the premier clean tech site for
commentary on clean tech, carbon trading, energy, and the green
economy. http://www.cleantechblog.com

➠ Residential and Business Systems
individually designed with production
goals in mind

Department of Energy/Energy Efficiency and Renewable Energy/
Solar Technologies Program: A huge and comprehensive online
database for all solar technology resources, technical information,
calculation tools, and lists of more resources. Check out the SunShot
Initiative, a collaborative national effort to make the United States a
leader in the global clean energy race by fueling solar energy technology development. http://www1.eere.energy.gov/solar

➠ Clean, secure and renewable
energy for decades
License # 661052

Energy Information Administration (EIA): Part of the US Department of Energy, the EIA provides detailed statistics and industry
analysis covering energy production, stocks, demand, imports,
exports, and prices. http://www.eia.doe.gov
Everybody Solar: Nonprofit organization that works to give the gift of
clean energy to social services organizations serving the most vulnerable populations. http://www.everybodysolar.org/news/blog
Grist: An online environmental news and commentary site with a wry
twist. Features a cross-pollination of articles and contributions from
writers from all over the globe. http://www.grist.org

559/877.7080

info@offlinesolar.com • www.offlinesolar.com
www.norcalsolar.org
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Hope Dance: Publishes material and engages in activities (forums,
workshops, film festivals) that are necessary in building ecologically
sustainable, practical, down-to-earth solutions, holistic, healthy and
awakened community. Centered in San Luis Obispo, Ventura and
Santa Barbara Counties. http://www.hopedance.org
Humboldt State University Campus Center for Appropriate Technology (CCAT): Demonstration projects, FREE workshops and site
tours, classes on sustainable living. Humboldt State University, Arcata,
CA, 707-826-3551. http://www.ccathsu.com
NRDC Switchboard: Staff Blog from the Natural Resources Defense
Council, the nation’s most effective environmental group, combining
the grassroots power of 1.3 million members and online activist with
the courtroom clout and expertise of more than 350 lawyers, scientists
and other professionals. http://switchboard.nrdc.org
SustainableBusiness.com: An internet hub for global news and networking services to help green business grow. http://www.sustainablebusiness.com

Connect with us

Renewable Energy
Equipment Catalogs
Note: catalogs in this list generally include educational information, photos of equipment, and prices. Inclusion does not endorse any company or
product.
Alternative Energy Engineering (AEE)’s Renewable Energy Design
Guide & Catalog: 250-plus pages of products, specifications, prices,
technical articles, design information and more! Wholesale only.
Download catalog at http://www.aeesolar.com/catalog.html
Backwoods Solar: Much more than a simple list of solar equipment,
this catalog includes an educational primer on solar energy technology and energy saving techniques that caters to both the grid-connected and off-grid customer. http://www.backwoodssolar.com
Real Goods Solar Living Sourcebook: The ultimate resource on
renewable energy, sustainable living, alternative construction, green
building, homesteading, off-the-grid living, and alternative transportation. Includes sections on solar utility intertie, hybrid vehicles, and
alternative fuels, including biodiesel and hydrogen fuel cells. Request

www.norcalsolar.org
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Solar Energy Resources
a print catalog here. http://www.solarliving.org/contacts/request-aprint-catalog

ing and utility documentation for PV systems. Website includes a link
to a FREE trail. http://www.ongrid.net/payback

Solar Depot Product Catalog: This catalog features over 250 pages of
equipment for both solar PV and solar thermal applications including
PV modules, mounting hardware, monitoring, cables, charge controllers, batteries, tools and supplies.
http://www.solardepot.com/flash/HTML/catalog.html#/12

Pacific Energy Center Tool Lending Library (San Francisco, CA):
The Tool Lending library is a Public Goods funded program that
loans building measurement equipment free of charge to people
working on short-term energy efficiency projects in California. The
Pacific Energy Center staff is willing to provide advice and application notes for finding the right tool. http://www.pge.com/003_save_
energy/003c_edu_train/pec/toolbox/tll/tll_home.shtml

The Source Guides: A comprehensive buyers’ guide and business
directory to more than 8,000 renewable energy businesses and
organizations worldwide. http://www.sourceguides.com/index.html

Online Tools & Software
Clean Power Estimator: Developed by the California Energy Commission and the California Public Utilities Commission, this tool
calculates the potential costs and benefits of installing a PV system at
your home or business.
http://www.gosolarcalifornia.org/tools/clean_power_estimator.php
Database of State Incentives for Renewable Energy (DSIRE): An
ongoing project of the North Carolina Solar Center and the Interstate
Renewable Energy Council (IREC), providing comprehensive information on state, local, and federal renewable-energy incentives.
http://www.dsireusa.org
EERE Building Energy Software Tools Directory: Choose “renewable
energy” category for a table of software programs, both commercial
and free, which analyze shading, energy use energy performance, design, residential buildings, energy simulation, passive solar design, etc.
http://www.eere.energy.gov/buildings/tools_directory/subjects_sub.cfm
Martingdale’s On-Line calculators: Extensive lists of on-line calculators for various energy systems. To find solar calculators from all over
the world look for the “utilities” section. http://www.martindalecenter.
com/Calculators1A_4_Util.html#MISC-SOLAR
The National Association of Home Builders (NAHB) ToolBase
Services: The housing industry’s resource for technical information
on building products, materials, new technologies, business management, and housing systems. The National Association of Home Builders (NAHB) Research Center provides the services, with funding from
the Department of Housing and Urban Development (HUD) through
The Partnership for Advancing Technology in Housing (PATH)
program, and other industry sponsors. Upper Marlboro, MD.
http://www.toolbase.org
OnGrid Solar Sales Tool: Performs sizing, pricing, and financial
analysis calculations, provides pre-filled quoting, proposal, contract-

Power Profiler: Environmental Protection Agency web tool that
shows the mix of energy sources that supply your local electricity
provides. http://www.epa.gov/cleanenergy/powerprofiler.htm
PV Value: This tool helps to for the appraisal and real estate industry
to aid in making a market value determination of a new or existing
photovoltaic system installed in residential and commercial properties. For appraisers, the Residential Green and Energy Efficient
Addendum can be used with inputs to the PV Value tool.
http://pv.sandia.gov/pvvalue , http://www.appraisalinstitute.org
PV WATTS: FREE performance and cost savings calculator for gridconnected systems developed by the National Renewable Energy
Laboratory (NREL). http://www.nrel.gov/rredc/pvwatts

SOAK UP THE

SUN
WHILE YOU PILE UP
THE SAVINGS!

Solar has never been more affordable!
Up to 50% of the cost of a residential
photovoltaic system can be covered by
federal tax credits and Silicon Valley Power’s
$2.00 per watt rebate.
Visit siliconvalleypower.com/rebates
for more information.

Only Silicon Valley Power customers
are eligible for this rebate.

www.norcalsolar.org

71

Solar Energy Resources
Solar Anywhere: A web based service by Clean Power Research that
provides hourly estimates of solar irradiance for all locations within
the continental US and Hawaii. Hourly irradiance estimates for specific sites extend from 1998 to present hour plus seven-day advance
forecasts. Check website for pricing, historical datasets from 19982009 are FREE. https://www.solaranywhere.com/Public/About.aspx
The RETScreen International Clean Energy Project Analysis Software: The software, provided free of charge, can be used worldwide to
evaluate the energy production and savings, life-cycle costs, emission
reductions, financial viability and risk for various types of energy
efficient and renewable energy technologies (RETs). The software also
includes product, cost and climate databases, and a detailed online
user manual. http://www.retscreen.net/ang/d_o_view.php
Sharp Solar: module manufacturer financial calculations for residential PV systems that uses your zip code and current electric bill to
create a solar energy system simulation.
http://sharpusa.cleanpowerestimator.com/sharpusa.htm
SMUD Energy and Technology Center: The Sacramento Municipal
Utility District (SMUD) has a self-service reference room that offers
professional journals, energy software, product catalogs, books and
magazines for your education. The reference room also features teacher training guides related to energy. Workshops and interactive, online
home energy tools can also be found at the following: https://www.
smud.org/en/residential/education-safety/workshops-and-training

Training & Continuing Education
Certifications
ISPQ Accreditation and Certification Program: This International
Standard specifies requirements for competency, quality systems,
resources, and qualification of a curriculum against which trainers
and training programs can be evaluated. Managed by the Interstate
Renewable Energy Council. http://www.irecusa.org/irec-programs/
credentialing/ispq/the-ispq-standard
National Board of Certified Energy Practitioners (NABCEP): has
established a national certification program for PV installers. It is a
voluntary certification program intended to help insure the safety,
quality and consumer acceptance of PV installations throughout
the US. Solar training programs may prepare students for taking the
NABCEP certification, but only NABCEP provides the actual test and
certification credentials. http://www.nabcep.org
CalCERTS: Provides training and certification of Home Energy Rating System (HERS) Raters to provide independent building inspection
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for energy efficiency features in California homes. Trainings occur
throughout California. https://www.calcerts.com

Classes, Workshops and Professional Programs
American River College: Course offerings include Solar Energy System Design, Estimation, and Sales Certificate, Solar Energy Technology Certificate, and NABCEP entry level test review. Sacramento, CA.
http://web.arc.losrios.edu/catalog/Energy.pdf
Boots on the Roof: Training for general contractors, electricians,
plumbers, builders, sales professionals, construction managers and
others spanning both residential and commercial solar energy systems. Many classes are available at the Fremont, CA campus.
http://www.bootsontheroof.com
City College of San Francisco: A two-year college that offers PV
installation training at the NABCEP entry level. Also offers courses on
solar thermal. San Francisco, CA. www.ccsf.edu
Consumes River College: CRC’s Construction Program provides students with basic and applied technical skills, along with the knowledge
necessary for employment in the building and construction industry.
Also, check out CRC’s Certificate of Proficiency in Green Buildings:
Environmental Design, Energy Management and Performance Based
Construction. http://www.crc.losrios.edu
Diablo Valley College (DVC): offers an Associate Degree and Certification in Photovoltaic Systems. Look for the following classes: AET120 Introduction to Alternate Energy Systems, AET-130 Photovoltaic
Systems Design and Installation. Hill campus, San Ramon, CA.
925-685-1230, http://www.dvc.edu/
De Anza College: An introduction to the fundamentals of photovoltaic (PV) basics including how solar cells convert sunlight to
electricity, solar potential, types of solar systems, system size requirement and design, net metering options, rebate programs, and related
topics for your home or business. Training emphasizes on the benefits
of renewable energy technology, as well as, how to understand and
review multiple bids and analyzing the economics of a PV installation.
Cupertino, CA. http://www.deanza.edu/es/degrees.html
Merritt College: Greening the Urban Environment Certificate Program: includes a course on Sustainable Energy Options in addition to
natural building, permaculture, and ecological design. Oakland, CA.
http://www.ecomerritt.org
OnGrid: Solar presentations on Financial Analysis & Payback, and
Advanced courses in Solar Marketing and Sales. Also, “Dream Job in
www.norcalsolar.org
Solar” resources and training. San Jose, CA. www.ongrid.net/classes.
html

Solar Energy Resources
Pacific Energy Center: PG&E’s education center that provides workshops in renewable energy, energy efficiency, and all aspects of energy
conservation. The Center is located in San Francisco but classes
are offered throughout California. San Francisco, CA.
http://www.pge.com/mybusiness/edusafety/training/
pec/classes
Roseville Electric Utility Exploration Center: A
plethora of community classes, workshops and
events on energy and green living topics. Also, the
Exploration Center is a fun place for school tours
and educational summer camp activities.
http://www.roseville.ca.us/explore

of community events and teacher training workshops too! https://usage.smud.org/etcstudent/classlist.aspx

San Francisco Institute of Architecture: Courses on all aspects of architecture, design, and green building. Offers
classes both in Berkeley and online for students purGET
suing a Masters Degree, Bachelors Degree, Associate
CONNECTED!
Degree or a Technical Certification. Alameda, CA.
http://www.sfia.net

Join NorCal
Solar

Sacramento Employment and Training Agency: Dedicated to
connecting people to jobs and education, business owners to quality
employees. Training programs include education in solar technology,
solar thermal, energy efficiency, and alternative vehicles and fuels.
Sacramento, CA. 916-263-5351,
http://seta.net/jobseeker/training-resources/clean-energy
Sacramento Municipal Utility District’s ETC: SMUD’s Energy &
Technology Center offers a wide variety of energy related classes for
homeowners, business owners and design professionals. Frequent host

San Jose State University Environmental Studies:
Courses on solar electric and renewable energy. San
Jose, CA. http://www2.sjsu.edu/depts/EnvStudies

Skyline College: Skyline College’s Solar Energy Technology and
Solar Installation Career Certificate programs includes courses in
Solar Installation and Integration, Solar Design, Estimation, and Sales,
Introduction to Environmental Science, and Fundamentals of Electronics. San Bruno, CA. http://www.skylinecollege.edu
Solar Depot: This solar company offers a variety of training programs
for renewable energy dealers and contractors including system basics,
technical details, California’s financial incentives and seminars at suppliers’ facilities. Rohnert Park, CA.
http://www.solardepot.com/workshops.php
Solar Energy International (SEI): offering hands-on and internet
courses on all things solar including solar electricity, solar home
design, and other renewables energy applications. For the novice or
industry hopeful, SEI is a major training resource. Sign up for the
newsletter. http://www.solarenergy.org

Save a Lot Solar designs systems that are customized
and unique to each home. We pride ourselves on
personalized and individualized service.
Save Alot Solar saved me a ton of money. . . This is
someone I can refer to a family member or close
personal friend (customer service is their top priority).
Every detail was well thought out and taken care of, well
in advance, and I was informed, in clear written form,
of everything. It was great! Now my meter is humming
backward (waiting for a hybrid plug-in car)!

Solar Seminars: Provides a variety of solar installation classes that
include traditional classroom, online and hands-on learning. Based
out of Bakersfield, CA. http://solarseminars.org
Solar Training Institute: The Solar Training Institute provides accelerated training classes in California for anyone who is considering
a career change into the growing solar industry. Courses offered in PV
system design, installation, solar water heating, OSHA safety and solar

Bonded, Insured, NABCEP Certified, C46 License 971422.

Bonded, Insured, NABCEP Certified,
C46 License 971422.

John Orfali • 510-332-4971 • www.savealotsolar.com

San Francisco, CA Branch
800.999.5250 | 50-marketing@chrobinson.com
© 2012 C.H. Robinson Worldwide, Inc. All Rights Reserved.
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sales. Courses are offered in San Jose, Los Angeles, Orange County
and San Diego. http://www.trainingforsolar.com

courses. Berkeley, CA. http://extension.berkeley.edu/spos/solar.html

Solar University: An intensive training program designed to turn
beginners in the solar industry into professionals with hands-on installation training paired with classroom instruction. Livermore, CA.
http://www.sunprotraining.com

U.C. Davis Extension: Offers a certificate program in renewable
energy and includes energy system design, site planning, construction and building management practices. Davis and Sacramento, CA.
http://extension.ucdavis.edu/unit/green_building_and_sustainability/
certificate/renewable_energy

Step Up Education: A comprehensive online training program for
individuals who want to be part of the solar industry. Courses are
based on NABCEP learning objectives and provide a basic knowledge
of photovoltaic systems. http://www.solarclassesonline.com

Conferences & Events

Solar Living Center: A 12-acre renewable energy and sustainable
living demonstration site produces workshops on all manner of solar
technology and building. Classes and workshops offered regularly onsite and online. Located in Hopland, CA. http://www.solarliving.org
Sonoma State University: The Environmental Technology Center
hosts a variety of events intended to inspire and instruct on the value
and use of sustainability principles, including: green building design
& construction, energy efficiency and renewable energy technologies.
Rohnert Park, CA. www.sonoma.edu/ensp
U.C. Berkeley Extension: Provides classes spanning from solar basics
to policy, economics, technology, best practices, emerging market
trends, and opportunities. Also offers an extensive list of green building

Calendar Listings
California Energy Commission: Workshops and forums on renewable energy incentives, policies and programs.
http://www.energy.ca.gov/renewables
California Solar Initiative (CSI): Workshops and forums covering
CSI program updates, homeowner education and industry trainings.
http://www.gosolarcalifornia.ca.gov/calendar/events/index.php
NorCal Solar: Check for solar tours, networking and educational
events through-out Northern California. http://www.norcalsolar.org
Solar Energy Industries Association: Workshops and conferences,
in addition to SEIA member conference calls. http://www.seia.org/cs/
events_calendar
Solar Electric Power Association: Conferences and expos, trainings,
monthly webinars, fact-finding missions and other events.
http://www.solarelectricpower.org/events/events-home.aspx

Proven Hardware
Robust Software
Refined Design &
Engineering Services
Maximize the efficiency & profitability of your solar PV system with
our industry-leading monitoring, management & control solutions.
866.486.2717 | sales@drakerenergy.com | drakerenergy.com

Annual Conferences and Events
American Solar Energy Society Annual (ASES) Conference:
Organized by NorCal Solar’s “parent” and taking place in a different location each year, the ASES conference is geared toward solar
researchers, academics, architects, educators, installers, and suppliers,
as well as small wind businesses and emerging alternative transportation options. www.ases.org
Clean Energy Workforce Education Conference: Event provided
by the Interstate Renewable Energy Council and the New York State
Energy Research Development Authority for educators, trainers, instructors, educational centers and industry experts training the green
workforce. http://cewec.org
Clean Power, Healthy Communities Conference: The Bay Area’s premiere exploration of strategies andwww.norcalsolar.org
programs for bringing the benefits
of local renewable power to our communities. Oakland, CA.
http://www.localcleanenergy.org./
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Photo courtesy Elaine Hebert

Photovoltaics Summit: Event where Industry leaders provide market
forecasts, technological developments and large-scale project updates
along with plenary sessions to tackle the issues of policy, financing,
transmission, land development and utility contracting.
http://www.photovoltaicssummit.com
PV America West: SEIA and SEPA’s premiere regional conference
focused on networking, education, insights and exhibits. This event is
affiliated with Solar Power International.
http://www.pvamericaexpo.com/west

The Energy Foundation recycled nonoperational solar panels into a
conference table.

GreenBuild: This annual international conference and expo brings
the industry together under one roof. Three days of extensive educational programming, workshops, a vast exhibition floor, and ample
networking events provide unrivaled opportunities to learn about the
latest innovations, exchange ideas, and develop new business relationships. U.S. Green Building Council. http://www.greenbuildexpo.org
INTERSOLAR North America: An annual conference that strives to
provide great insight into the North America solar market by bringing
companies from around the world together so they may prosper and
gain the knowledge needed to expedite the implementation of solar as
a significant source of energy. San Francisco, CA.
http://www.intersolar.us
MoonDance (formerly SolFest): an annual summer celebration dedicated to promoting sustainable living. Solar Living Institute,
Hopland, CA. www.solarliving.org
National Renewable Energy Marketing Conference: The industry’s
paramount annual gathering attended by leading renewable energy
and green power industry stakeholders. Each year the most influential
key players, including power marketers, renewable energy developers,
retail or wholesale green power suppliers, electric utilities, equipment manufacturers, government agencies, energy consultants, and
nonprofit experts gather to listen to their peers present on the major
issues facing the industry. http://www.renewableenergymarketing.net
National Solar Tour: First Saturday in October throughout the U.S.
Experience the Solar Solution! Attending a Solar Homes Tour is a
wonderful way to learn about solar, green building, and sustainable
lifestyle strategies. Participants visit homes and businesses and talk
with their owners about the costs, benefits, and daily experience with
solar and other green technologies. Produced by the American Solar
Energy Society. For tours in California and throughout the nation:
http://www.nationalsolartour.org

Renewable Energy and Sustainable Living Fair: Three-day international festival, coinciding with the summer solstice; the world’s largest
venue to learn about renewable energy, energy efficiency, and sustainable living. Midwest Renewable Energy Association located in Cluster,
WI. http://www.the-mrea.org/energy_fair.php
Solar Power International: The solar industries most comprehensive
business-to-business conference and networking event for industry
professionals. http://www.solarpowerinternational.com
SolWest Fair: This three-day event offers engaging activities for all
ages and knowledge levels. Participants from around the western region and beyond learn about energy efficiency, solar and wind energy,
alternatively fueled vehicles, and more. Eastern Oregon Renewable
Energies, Grant County Fairgrounds, OR. http://www.solwest.org

Check www.norcalsolar.org for other tips.
Connect with us
through our social media channels

World Renewable Energy Forum: Formerly the ASES National Solar
Conference, this event is the longest running educational event for
solar energy professionals in North America. Held in conjunction
with the biennial World Renewable Energy Congress.
http://ases.org/conference
West Coast Green: Annual conference and expo dedicated to green
innovation for the built environment showcasing ideas around green
design, lifestyle, renewable energy, and big-picture systems-thinking.
The only event to host the entire supply chain of industry professionals. San Francisco, CA. http://www.westcoastgreen.com

www.norcalsolar.org
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State & Local Utilities
BOLD indicates a NorCal Solar Member!

Investor-Owned Utility
Companies
Pacific Gas and Electric Company (PG&E)
San Francisco, CA. 1-800-743-5000
http://www.pge.com
Liberty Energy
South Lake Tahoe, CA. 1-800-782-2506
http://www.liberty-energy.com

Municipal Utility Districts
Alameda Municipal Power
Alameda, CA. 510-748-3900
http://www.alamedamp.com
Biggs Electrical Department
Biggs, CA. 530-868-5493
http://www.biggs-ca.gov/utilities/electric.htm
City of Coalinga (Gas Service)
Coalinga, CA 559-935-1533
http://www.coalinga.com
East Bay Municipal Utility District
Oakland, CA. 1-866-403-2683
http://www.ebmud.com
Gridley Municipal Utilities
Gridley, CA. 530-846-3631
http://www.gridley.ca.us/city-departments/
electric-department
Healdsburg Municipal Electric Dept.
Healdsburg, CA. 707-431-3307
http://www.ci.healdsburg.ca.us/index.
aspx?page=62
Hercules Municipal Utility
Hercules, CA. 510-799-8200
www.ci.hercules.ca.us/index.aspx?page=150
Hetch Hetchy Water & Power
City & County of San Francisco
San Francisco, CA. 415-551-3000
http://sfwater.org/index.aspx?page=441
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Island Energy
Mare Island, CA. 707-562-5000
http://www.islandenergy.com
Kirkwood Meadows Public Utility District
Kirkwood, CA. 209-258-4444
http://www.kmpud.com
Lassen Municipal Utility District
Susanville, CA. 530-257-4174
http://www.lmud.org

Rural Electric Cooperatives
Plumas Sierra
Portola, CA. 530-832-4261
http://www.psrec.coop
Surprise Valley Electrification Corp.
Alturas, CA. 530-233-3511
http://www.surprisevalleyelectric.org

Irrigation District Systems

Lodi Electric Utility
Lodi, CA. 209-333-6762
http://www.lodielectric.com

Modesto Irrigation District (MID)
Modesto, CA. 209-526-7337
www.mid.org

Lompoc Utility Services/Electrical
Lompoc, CA. 805-736-1261
http://www.ci.lompoc.ca.us

Nevada Irrigation District
Grass Valley, CA. 530-273-6185
http://www.nidwater.com

Marin Clean Energy
San Rafael, CA. 1-888-632-3674
http://marincleanenergy.info

Northern California Power Agency
Roseville, CA. 916-781-3636
http://www.ncpa.com

Palo Alto Electric Utility
Palo Alto, CA. 650-329-2161
http://www.cityofpaloalto.org/depts/utl

South Feather Water & Power Agency
Oroville, CA. 530-533-4578
www.southfeather.com

City of Redding Electric Utility
Redding, CA. 530-339-7249
http://www.reupower.com

Placer County Water Agency
Auburn, CA. 530-823-4850
http://www.pcwa.net

Roseville Electric Department
Roseville, CA. 916-774-6937
http://www.roseville.ca.us/electric

Shasta Lake Public Utility District
Shasta Lake, CA. 530-275-7400
http://www.ci.shasta-lake.ca.us/index.
aspx?nid=868

Sacramento Municipal Utility District
Sacramento, CA. 1-888-456-7683
http://www.smud.org
Silicon Valley Power
City of Santa Clara Electric Department
Santa Clara, CA. 408-615-2300
https://siliconvalleypower.com
Truckee Donner Public Utilities District
Truckee, CA. 530-587-3896
http://www.tdpud.org
Ukiah Municipal Utility District
Ukiah, CA. 707-476-5711
http://www.cityofukiah.com/
pageserver/?page=electric_main
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Shelter Cove Resort Improvement District
(RID)
Whitethorn, CA. 707-986-7447
http://sheltercove-ca.gov
Turlock Irrigation District (TID)
Turlock, CA. 209-883-8222
http://www.tid.com
Yuba County Water Agency
Marysville, CA. 530-741-6541
http://www.ycwa.com
www.norcalsolar.org
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Turbocharge your
success with the
Efficiency Sales
Professional
Certification™

Mark T. Jewell . www.eefg.com/esp

The Only Wholesale Distributor You’ll Ever Need

For more information please contact:
Jack Tuttle
800-777-6609 x4867
jtuttle@aeesolar.com
www.aeesolar.com
Photo courtesy Elaine Hebert

Backwoods
Solar
www.norcalsolar.org
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NorCal Solar Business Members

Solar Star Members
American Solar Corporation
475 Gate 5 Rd., Suite 119
Sausalito, CA 9 4965
Phone: (415) 868-1111
darren@americansolarcorp.com

Redwood Alliance
PO Box 293
Arcata, CA 95518
info@redwoodalliance.org

CH Robinson Worldwide
1900 North California Boulevard Suite 510
Walnut Creek, CA 94596
diane.lujan@chrobinson.com

TSMC Solar North America, Inc.
2595 Junction Avenue, Suite 202
San Jose, CA 95134
Fax: (408) 678-2800
solarna@tsmc.com

Solar Frontier Americas Inc.
3945 Freedom Circle
Santa Clara, CA 95054
accj.prolufs@gmail.com

Corporate Members
8minutenergy Renewables
111 Woodmere Rd., Suite 190
Folsom, C A95630
Fax: (916) 608-9861
ccummings@8minutenergy.com

Offline Solar Inc.
P.O. Box 231
North Fork, CA 9 3643
Fax: (559) 877-2980
don@offlinesolar.com

City of Palo Alto
P.O. Box 10250
Palo Alto, CA 94303
rebecca.duchon@cityofpaloalto.org

Schott Solar
PV620A Park Ave.
Arcata, CA 95521
jeffrey.haas@us.schott.com

Cobalt Power Systems, Inc
885 Maude Ave.
Mountain View, C
 A 94043
Fax: (650) 938-9573
markb@cobaltpower.com

SunPods, Inc.
615 Dado Street
San Jose, CA 9 5131
Phone: (408) 689-2446
Fax: (408) 317-0411
mgumm@sunpods.com

Professional Members
Chris Ruud
3137 Cambridge Ct.
Cameron Park, CA 95682
cgruud@comcast.net

Thomas Sidle
12290 Mabel Ct.
Saratoga, CA 95070
tom@sidle.us

Harvey Braswell
harveybraswell@aol.com

Mark Stout
484 Sybil Ave.
San Leandro, CA 94577-5006
Phone: (559) 273-4037
Mobile: (559) 273-4037

Michael Waxer, AIA
7145 Carmel Valley Rd.
Carmel, CA 93923
Fax: (831) 626-6220
mlwaxer@carmeldevelopment.com

Heliodyne
4910 Seaport Ave.
Richmond, CA 94804
leigh@heliodyne.com
www.norcalsolar.org
Please thank our business members for supporting NorCal Solar, and consider them when looking for solar
and other services. To become a member, either a business member or individual member, go to
www.norcalsolar.org or see the membership form on page 4.
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Small Business
Ally Electric & Solar Inc.
4610 Barrett Ave
Richmond, CA 94805
Mobile: (510) 559-7700
Fax: (510) 412-3661
info@allyelectrical.com
Alten Products Company
2423 Old Middlefield Way Suite J
Mountain View, CA 94043
Fax: (650) 960-0764
altenproducts@att .net

Down to Earth Solar
1950 Geary Road
Pleasant Hill, CA94523
downtoearthsolar@comcast.net

Henkel US
One Henkel Way
Rocky Hill, CT6067
kelly.matson@us.henkel.com

Rhino Solar Systems
6851 Rochelle Ave.
Newark. CA 94560-1650
leonardo@rhinomfgsrvcs.com

Eco Direct Inc.
3129 Tiger Run Ct, Suite 218
Carlsbad, CA 92010
Phone: (888) 899-3509 ext 702
Fax: (909) 593-9800
thomas@ecodirect.com

Imprints Label & Decal
PO Box 3640
Cottonwood, A
 Z 86326
imprints@aol.com

Solar Master Direct
610 East 10th St.
Oakland, CA 94606
Fax: (510) 452-8620
info@solarmasterdirect.com

Atlantech Solar
349 Spook Rock Rd
Suffern, NY 10901
doug@atlantechsolar.com

Energy Informatics
2175 N. California Blvd.,
Suite 950
Walnut Creek, CA 9 4596
gtinfow@energyinformatics.com

Bright Harvest Solar
5511 Genoa St., Suite 3
Oakland, CA 9 4608
info@brightharvestsolar.com

Energy Science Education
2522 Webster Street
Palo Alto, CA 94301
lisa@energyscienceed.com

California Sunlight Corporation
3791 Power Inn Road
Sacramento, CA 95826
bing.gu@california-sunlight.com

Harmony Farm Supply and
Nursery
PO Box 460
Graton, C
 A 95444
Phone: (707) 823-9125
solar@harmonyfarm.com

Jeff German
PO Box 23824
Pleasant Hill, CA 94523
Phone: (303) 906-4046
weedenv@prolynx.com
Mares & Dow Construction
Fax: (925) 228-6262
mardow99@sbcglobal.net
Matheson Solar
2821 Van Buren St.
 A 9 4501
Alameda, C
info@mathesonsolar.com
OnGrid Solar Energy Systems
4175 Renaissance Dr # 4
San Jose, CA 95134
Phone: (408) 428 0808x1
Mobile: (408) 428-0808
Fax: (408) 746-3890
andy@ongrid.net

Sun Pirate, Inc
P.O. Box 187
Cotati, CA 94931-0187
ret-training@sunpirate.com
Sunstar Energy, Inc
1103 Wilderfield Rd.
Los Gatos, CA 9 5033
Fax: (408) 395-1454
richardd@sunstarenergy.com
Verve Solar Consulting
2402 Westernesse Rd.
Davis, CA 95616
lmerry@vervesolar.com
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“ Quick Mounts are higher quality, more
cost effective, and easier to install than
any brand we’ve ever used.

“

Darren Malvin
American Solar

He’s not taking any chances with roof leaks. Are you?
DARREN MALVIN

KNOWS THAT EVERY SOLAR SYSTEM he puts
on a customer’s roof puts his reputation on the line. And he
sleeps a whole lot easier on rainy nights knowing Quick Mount
PV has his customers’ roofs sealed safe and watertight.

INDUSTRY LEADING TECHNOLOGY

Quick Mounts cost a little more out of the box but the value is
clear when you consider everything you get in return. Lower
labor costs for one. Quick Mount PV makes waterproofing your
roof penetrations easier than ever, so crews spend less time on
the roof. Unlike other products, there are no extra costs with
Quick Mount PV. All the hardware you need is right in the box.
And those rainy nights? The peace of mind that comes from
knowing Quick Mounts are 100% code compliant and will
not void roofing manufacturers’ warranties – that’s priceless.

QUICK MOUNT PV ADVANTAGES:
■
■
■
■
■
■

DE

IN THE U

SA

MA

■

100% IBC compliant
Patented elevated water seal
All aluminum flashing
All hardware included
Works with all leading racks
10-year warranty; 50-year expected life
Live tech support, year-round training

925-478-8269
products@quickmountpv.com
www.quickmountpv.com

THE WORLD’S
STANDARD FOR SOL AR

™

Highest Efficiency

Highest Reliability

Guaranteed Performance

SunPower is widely recognized as the standard by which all solar companies are measured.
Our products hold the world record for energy production, and our standards for quality
and reliability are significantly more rigorous than typical industry measures. Our reputation
QBase: Where the Roof Meets the Load

QBlock: Patented Elevated Water Seal

Our Low Slope, New Roof & Universal
Tile Mounts use our QBase: the world’s
strongest off-the-shelf mounting base.

Our Classic Comp & Shake Mounts
install watertight, code-compliant
attachments with a single bolt.

CLASSIC COMP

CLASSIC SHAKE

NEW ROOF COMP

is backed by over a decade of measuring and exceeding real-world system performance
expectations. Residential, commercial and power plant customers agree, choosing SunPower is
the smartest investment in energy. Guaranteed.
sunpowercorp.com

LOW SLOPE

UNIVERSAL TILE

Solar Electricity • Solar Education• Solar Cooking • Solar Hot Water • Solar Financing • Passive Solar
Solar Careers • Energy Efficiency • Alternative Solar Technologies • Solar Resources and much more
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