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Y2K

How much fime do you have left?

Don't live in the dark ages...

Take the guess work out of your backup battery system
with LINK instrumentation & Freedom 458 Inverter/charger...

Knowledgeable Customer Service
Call 1-800-446-6180. Email: techhelp@heartinterface.com

Simple Operation
Easy to install. Easy to program. Easy to use.

Integrated Instrumentation
Engineered systems. Designed to work together.

Your time is running out, call Heart Interface today!
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In 0ur solar

we do much more... 3
We provide Engineered Power Solutions (EFSjto
enhance your quality of lfe and we have joined
with industry leaders to bring you the best line
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USA:
American Energy Technologies, Ltd. - Alternative Energy Engineering - Alternative Solar Products - California
Florida California Toll Free: 800-229-7652
Toll Free: 800-874-2190 Toll Free: 800-777-6609 Phone: 909-308-2366
Phone: 904-284-0552 Phone: 707-923-2277 E-mail: mark@alternativesolar.com
E-Mail: Solardell@aol.com E-mail: Energy@alt-energy.com Internet: http://www.alternativesolar.com
Internet: http://www.alt-energy.com
Dankoff Solar Products - New Mexico Talmage Solar Engineering - Maine
Toll Free: 888-396-6611 Effective Solar Products - Louisiana Toll Free: 888-967-5945
Phone: 505-473-3800 Toll Free: 888-824-0090 Phone: 207-967-5945
E-mail: pumps@danksolar.com Phone: 504-537-0090 E-mail: tse@talmagesolar.com

E-mail: esp@effectivesolar.com
Internet: http://www.effectivesolar.com
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Energy Systems, Inc. Division of C&D Charter Power Systems, In:

Internet: http://www.talmagesolar.com
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CANADA:

\SN\G\NEERNVS

Powersource Energy Systems -

British Columbia

Toll Free: 888-544-2115

Phone: 250-544-2115

E-mail: powersource@vvv.com

[HE POWER COMPANY

Trace

ENGINEERING

Alberta

Powersource Energy Systems -

Toll Free: 888-544-2115
Phone: 403-291-9039

Southwest Windpower
I N C O R P ORATELD
RENEWABLE ENERGY PRODUCTS

E-mail: powersource@vvv.com
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Solar Solutions - Manitoba

Toll Free: 800-285-7652

Phone: 204-632-5554

E-mail: solar@solarsolutions.ca
Internet: http://www.solarsolutions.ca
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Burbridge weren't ready to
put down roots. But they still
wanted an RE system for
their temporary location.
Solution?...SolarWagon!

Solar Village

Peter Banwell ended up in
Cambodia, so he started a
solar business. Now, Samaki
village has PV lighting
systems for all.

Mile-High Wind Genny

A Solar Energy International
class descends upon an
ailing RE system in
Colorado. At the end of the
week, a new wind genny
Joins the refurbished PV
system and leaves the new
homeowners charged.

Inducion Generator Hydro

Bill Haveland has been
installing induction hydros in
Costa Rica for long enough
to write a comparison. When
your power source is far
from your loads, hydros
using induction generators
may be the answer.
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Ron Davis and the crew at
Campo Nuevo in Boliva
have created the
Watermotor. This Pelton
wheel-driven woodworking
station (and generator) adds
to their appropriate
technology quiver.
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efficiency and range. Shari
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has been there and done
that.
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0004 We're Everywhere

Operating for two years, this
guerrilla has 100 watts of PV
and 1,500 watts of wind!

0005 The Movement Grows

This solar soldier produces
50% of his energy from a
500 watt PV array. More
power to ya!
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Consumption Monitor

A simple way to get that
multimeter in series. Plus,
the secret formulae for
figuring power factor.

PicoTurbine

Very small wind power as a
build-it-yourself educational
masterpiece.
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LA _rJJJ marked the beginning of the season for energy fairs and all
those installation and maintenance projects we've put off over the winter.

Arcata’s 8th annual Renewable Energy Fair kicked off the fair season with
a fantastic exposition. The fair’s pride and joy was its new 1.2 KW PV array
powering the main stage, in spite of the fog rolling in mid-afternoon. There
was also a 350 watt system that powered the secondary performance
stage. (At least there wasn't an earthquake or rain, as has happened in the
past.)

Bart Orlando did up some popcorn in his huge parabolic cooker. Pedal-
powered smoothies were slurped by the masses. Kudos go to solar bozos
Sean Armstrong and Steve Sakala of the Campus Center for Appropriate
Technology at Humbold State University. They weren't clowning around
when they organized one of the best REFs ever.

New to the fair was a long row of pre-owned EVs, all courtesy of one of the
nation’s first used EV dealerships, Arcata ElectriCar. Another special treat
was a veggie oil-powered, 2 ton truck from a local organic farm. The owner
picks up fryer grease at local restaurants when he brings his produce to
town, then takes the oil back to the farm for processing into diesel fuel.

Summer is here, so it's time to raise the tilt of your modules and do your
annual greasing of the wind genny. It's also time to finalize your plans for
attending the other fairs around the country. Please join the Home Power
crew at the Midwest Renewable Energy Fair in Amherst, Wisconsin, June
18-20; at SolWest in John Day, Oregon, July 24-25; and at the Southwest
Renewable Energy Fair in Flagstaff, AZ, September 18-19, 1999.

—Michael Welch, for the Home Power crew
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“Think about it...”

“I'm in charge of my own electric
system. I can’t imagine ever living

on the grid again.”

—Lou Ann Washington, page 32
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FROM THE SUN, WIND & WATE

We've Your Resouvce for Home Power Eqm'pment.

Call us for ONE STOP SHOPPING from our HUGE IN-STOCK
INVENTORY. We're the #1 TRACE DISTRIBUTOR in the US
with over 20 YEARS IN THE BUSINESS of serving you with
GREAT CUSTOMER SERVICE. Our FREE TECHLINE is staffed
by MECHANICAL and ELECTRICAL ENGINEERS. Fgya=T-

CALL FOR OUR CATALOG: 1-800-777-66009. Inqui
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Alternative Energy
Engineering

Solar, Wind & Hydroelectric Power Systems
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P.O. Box 339 * Redway, CA 95560 * Free Techline: 800-800-0624 - www.alt-energy.com




“Mobile
SOLAR

Eric Kindseth
& Nicole Burbridge

©1999 Eric Kindseth and Nicole Burbridge

e were both in our
mid-twenties, and
hadn’'t gathered the

necessary funds to
purchase our dream
property. We wanted a
home of our own, but
didn’t like the obvious
choices: trailer, tent, or
yurt. Instead, we decided
on a movable two-part
home. Wanting a full scale
alternative energy system,
we constructed a mobile
companion power center
called the SolarWagon!
We are the caretakers of a beautiful piece of property in
rural northeastern California, nestled in a mountain
valley at 4,700 feet (1,433 m). Summers are dry and
hot while winters are typical of the Sierra, with
snowstorms interspersed with weeks of crisp sunshine.

The grid lies four miles (6.4 km) distant, so making our
own power is both a necessity and a priority.

Our systems have evolved out of unique and changing
needs. Initially, a used car battery and a PV module |
assembled from individual cells provided more light and
music than we could use. However, we soon yearned
for more power!

Still Looking for Our Own Place

After searching in vain for years for the property of our
dreams, we decided to build our movable micro
dwelling and major power system anyway! The year
before beginning the project, we recycled a turn of the
century 3,000 square foot (279 m2) home. It provided all
of the lumber for the construction (and more!) but only
after pulling gazillions of nails. But that’s a story in
itself...

Eric and Nicole are solar-mobile with their photovoltaic system on wheels.

One of the main criteria in our house design was the
ability to move it. It proved to be very challenging to
incorporate efficiency, durability, aesthetics, and
mobility into our design. From our experience living on
a sailboat, we knew how to build our 500 square foot
(46 m2) home to be as space efficient as possible.
Making it mobile was new territory for us.

After a lot of research and design, we decided to build
the house so that it would separate into two modules for
transportation on a heavy duty trailer. The modules are
narrow enough for legal travel on our local highways.
When assembled, they resemble a conventional home.
Nicole has made me promise that when we find our
own land, moving them will be feasible.

Mobile? Yes!

About this time, our seven-year-old golf cart batteries
were in need of replacement. We were able to buy
twelve surplus AT&T Lineage 2000 lead-acid batteries
for our new system. The round, industrial, 1680 AH, 2
volt cells weigh in at a whopping 340 pounds (154 kg)
each! Needing a facility for the new batteries played

8 Home Power #71 ¢ June / July 1999



into our decision to build the new
mobile power center. By designing
and building the SolarWagon to be
movable, we are able to have a
safe, secure, and cleanly installed
power system that can be
transported to a new site when
necessary.

SolarWagon Construction

The “foundation” for the SolarWagon
is a securely welded frame, hitch,
and axle assembly. The rest of the
structure is conventionally framed
and is insulated to R-19.

The SolarWagon consists of two
distinct compartments—the vented
battery area and the component
center. We wanted to keep the
structure compact, so the batteries
are accessed through the hinged roof. The electrical
components are accessible through two small doors.
After building the low-pitched roof to withstand four to
six feet (1.2-1.8 m) of snow pack, we discovered that it
took all of our strength and more to open it, even when
the roof was dry. The thought of trying to open the roof
with thousands of additional pounds of wet snow on it
was sobering.

The solution was to employ a motorized actuator
liberated from its former insipid service operating a
television satellite dish. Although intended to operate on
36 VDC, the 52 inch (132 cm) actuator effortlessly
opens the 250 pound (113 kg) “lid” completely in less
than two minutes with the flip of a three-way switch.
What a relief!

Batteries

When we built the SolarWagon, we made sure that the
battery section was completely isolated from the
electrical components, after discovering the truth
behind the old adage “sparks and hydrogen don’t mix.”

| learned this important lesson while equalizing half of
the battery bank. | was adjusting a battery cable and |
created a small spark. Even though the charging was
taking place outside in open air (pre-SolarWagon), the
spark ignited the hydrogen gas that was present,
causing one battery to explode. Luckily, | escaped with
only my pride injured. We now have a policy of wearing
protective clothing and eye and face protection
whenever working around batteries. In retrospect, we
would also encourage you not to work on your battery
bank while it is charging to the gassing point.

The round 2 volt cells are divided into two strings of six
series wired batteries, connected in parallel. They store

Hardly a double-wide, the modular house splits in half for relocation.

Systems

Iy

3,360 amp-hours at 12 volts, so it should be a while
before we outgrow this large battery! The copper bars
that were included with the batteries make clean
durable interconnects. As long as we don't try any more
spontaneous welding experiments, the batteries should
require minimal maintenance.

Nerve Center

On the east side of the SolarWagon, the electrical
power center is accessed through two insulated doors.
This nerve center is completely isolated from the
battery compartment. The ventilation ducts are
positioned to promote cross-flow within the
compartment.

The 2/0 (67 mm?2) cable from the array enters a fused
disconnect switch, and then continues to the Trace C-
40 charge controller. We wired the disconnect to isolate

Twelve Lineage 2000 lead-acid cells provide
3360 amp-hours of storage at 12 volts.

Home Power #71 « June / July 1999 9
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From left: Trace C-40 charge controller, PV and controller disconnect breakers,
DC load panel, AC load panel, and Trace U2512 inverter.

the C-40 from the solar panels and the battery positive
when in the off position. Adjacent to the switch is a DC
load center with breakers for the DC circuits.

Squeezing the 500 amp shunt for the state-of-charge
(SOC) meter into the load center is a neat and clean
installation detail. We use a TriMetric meter to monitor
our system loads and have it remotely located in the
house. In addition to voltage, amperage, and amp-
hours, the meter has several user adjustable
parameters.

Nicole and Eric's System Costs

Component Cost | Percent
11 Surplus Arco M-51 modules $1,650 @ 27.6%
100 amp 12 V GennyDeeCee $1,385 | 23.2%
Twelve 2V, 1,680 AH batteries $1,200 @ 20.1%
Trace 2512 inverter $950 | 15.9%
Used Wattsun tracker $250 4.2%
Tri-Meteric battery monitor $169 2.8%
#2/0 and #4/0 copper wire $150 2.5%
Trace C-40 charge controller $100 1.7%
30 amp fused disconnect $72 1.2%
100 amp DC distribution panel $30 0.5%
125 amp AC panel $25 0.4%
SolarWagon materials $0 0.0%
Misc. salvaged components $0 0.0%
Array rack $0 0.0%

Total | $5,981

10
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Inverter

We are very happy with the Trace
U2512 inverter. During construction,
it fed all the loads we put on it,
including a 1.5 HP compressor, table
saw, and 2 worm-drive saws! A 250
amp DC circuit breaker/disconnect
joins the positive side of the Trace
inverter to the positive side of the
battery. We wired a remotely
operated on/off switch for the Trace
in the house. Occasionally we turn it
off when it causes radio interference
on the AM band. A 120 VAC load
center is mounted adjacent to the
inverter. The breakers control the
various AC loads in the house and
shop.

To fit all the components into such a
compact space, we shuffled
cardboard cutouts throughout the
compartment until we had the placement just right. This
technique is a great way to plan for the most efficient
installation. Having learned the importance of planning
ahead for expansion, we left room for more expensive
toys!

The SolarWagon all opened up. Notice the R-19 insulation
throughout.
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Trace U2512 inverter
2,500 watts
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Py

_Two 2 amp fuses

Twelve Lineage 2000 lead-acid cells
3,360 amp-hours at 12 volts

Solar Panels

The solar charging is provided by eleven Arco
photovoltaic panels arranged on two racks. One rack is
homebuilt; the other is a Wattsun single axis tracker.
The array produces 25 amps in full sun, rendering a
charging rate of C/134. Heavy 2/0 (67 mm?) cable
carries the current 30 feet (9 m) to the SolarWagon. Our
location provides ample sun for much of the year, but
during winter and early spring we are affected by
periods of minimal sun. For this reason, and to supply
extra power for the house building project, we needed a
generator.

GennyDeeCee

Having a large enough inverter supplanted the need for
a 110 VAC generator. We couldn’t justify the common
and hopelessly inefficient practice of using an AC

Bogart Tri-Metric
state of charge meter

Ground —
g 24 )\
i m ()
/) I [ NONON )
GennyDeeCee
250 amp breaker controller

\%

Eric & Nicole”s =
SelariWagen Jo

A—

GennyDeeCee 100/12
gas generator
100 amps at 12 VDC

generator to charge a DC battery through a
converter/charger. What we really needed was a DC
generator to charge our battery pack directly. We found
the perfect generator for our needs—the 100 amp 12
VDC GennyDeeCee.

We purchased the generator in 1997 from the
manufacturer, Feather River Solar Electric. The
engineering and workmanship on the unit are
impressive. Like our Trace inverter, the GennyDeeCee
is overbuilt and conservatively rated. It's also uniquely
flexible—it can be operated at any charging output. By
varying the rpm and the field controller setting, we can
dial in the exact charge rate we need. It allows us to
use battery power whenever we want, and do the
charging at the most convenient time.

Home Power #71 « June / July 1999
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During the building projects we ran
the GennyDeeCee often, accum-
ulating nearly 300 operating hours.
We didn’t need to run the generator
to operate a specific tool or
appliance like you would do with an
AC generator if you didn’'t have a
large inverter. We enjoyed the ability
to run the GennyDeeCee even when
we weren’'t home to hear it! We felt
comfortable leaving the Genny-
DeeCee running when we weren't
home because of its simplicity and
redundant safety features, which
include automatic timer shutdown
and low oil pressure shutdown. :
We are able to get the full 100 amps =
out of the generator at our 4,700 foot (1,433 m)
elevation. However, for our power needs and best fuel
economy, 85 amps is the ideal setting. Aside from
changing the oil at the recommended 100 hour
intervals, the generator has been maintenance-free.

Having Our Cake And Eating It Too!

Based on our experiences living off-grid for the past ten
years, we were able to build up our new power system
with confidence and get the performance we desired.
Setting up a large-scale residential photovoltaic system
can be a demanding endeavor on any site, and
incorporating mobility was indeed a challenging
engineering exercise.

Although probably not for everyone, having a moveable
system allows us the flexibility of having big-time
renewable energy now while we patiently look for our
own dream property. Who ever said that you can'’t “put
the cart before the horse?” We say, “If the cart is solar-

Left:
The SolarWagon
& closes up tightly
=4 against the weather.

Right:
GennyDeeCee
makes up for
times of no sun.

powered, go for it!” As long as the sun continues to
shine, we will be blessed with a clean, renewable, and
sensible power source for a long time to come.

Access
Eric Kindseth and Nicole Burbridge
rainbow_voyager@hotmail.com

GennyDeeCee manufacturer: Feather River Solar
Electric, 4291 Nelson Street, Taylorsville, CA 95983
530-284-7849 » Fax: 530-284-6544
frenergy@psin.com ¢ www.psin.com/frenergy

.

NO RHASSLE WIND POWER

Rugged 18" blade Ampair 100 produces
up to 100 Watts continuously , 24 Hours

per day, at wind speeds from
8 to 100+ mph. No brakes or
furling needed...guaranteed at
any windspeed! Veteran of 3 years
continuous Antarctic service.
Roof mount is OK; pole mount
is better. Put it up, hook it

up to the batteries and forget it!

NO-HASSLE WATER POWER

If you have a reasonably fast running stream or tide

nearby and 12" of water clear, Aquair UW Submersible
Generator can produce 60 to 100 Watts  continuously , up
to 2.4 KWH per day. NO TURBINES, NO
DAMS, NO PIPES! Water speed 5
mph (brisk walk) = 60W. 8 mph
(slow jog) = 100W. Timber, rock, or
natural venturi increases output.

12 or 24VDC

Jack Rabbit Energy Systems

425 Fairfield Ave., Stamford, CT 06902
(203) 961-8133 « FAX (203) 961-0382
e-mail: JackRabbitMarine@compuserve.com

12
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SIEMENS

y providing power to

a remote canyon in
northern New Mexico,
Siemens is helping an
ancient order of
Benedictine monks thrive
in the modern world. The
Monastery of Christ in the
Desert sought safe,
reliable, affordable energy
to build and run new
facilities and pursue a
high-tech livelihood—
designing sites for the
World Wide Web.
Connecting to the nearest
electric grid would have
cost more than $1 million,
but Siemens turned on the
lights for a fraction of that.
Mounted on trackers that
follow the sun throughout
the day, eight solar arrays
produce enough energy to
run everything from
computers to kitchen
appliances.

The monastery’s building
program—designed to
use cost-efficient,
environmentally friendly
materials—has attracted
global attention from
those seeking to renew
rather than waste the
world’s resources.
Powered by Siemens
technology, this religious
community is a model of
spiritual devotion and
sustainable living.

Siemens Solar Industries
4650 Adohr Lane, PO. Box 6032
Camarillo, CA 93011

(800) 947-6527 FAX (805) 388-6395
WWW.Siemenssolar.com



Tuls the Gussswork Out of Powsr Meusursmant

Richard Perez, in his review
of the 4-1850 Brand Digital
Power Meter for Home
Power,said, “This is the first
time that | have wished for
more than two thumbs,
‘Both Thumbs Up!™

BRAND DIGITAL POWER METER

Brand Electronics manufactures digital power meters
that are easy 1o use, reliable, accurate and affordable

» Measures overall power consumption I’'m very impressed with this meter. I've learned a lot
and cost of operation. about my appliances. some that | thought used a lot of
o electricity, didn’t. Others were just the opposite. The
* Use to measure 117 VAC circuit loads up to meter and software work exactly as represented. What a
1850 watts and determine sizing requirements novel concept!...

for backup power supplies andcircuit protection. This has been one of my best purchases! I've learned a

« Make informed decisions regarding: great deal and thought I'd give you a well deserved “pat
Appliance selection and replacement, —John R. Grau, President, Affordable Electric Inc
The use of equipment in standby mode, _
Energy reduction methods. Intersetingly, both Bob and | have personal meters we
use on site evaluations and | can never hang on to mine
Model 4-1850displays: for more than a week. | keep selling it! We also allow

Watts, kW-hrs, User Cost, & Average Monthly Cost. customers to leave a deposit equal to the sale price and
take the meter home to test their appliances. So far

Model 20-1850and 20-1850CHisplays: everyone has called back to let us know they wanted to
Watts, kW-hrs, User Cost, Average Monthly Cost,  keep the meter.
Amps, Volts, Power Factor, Vars, V-A, & Peak Watts. _Ray Ogden, Energy Outfitters

Model 21-1850Clis a data logging unit. It has Model Brand Electronics ships customized units on a

(zjgt;%r:,ae?'“%l%l# Se%n Z?i?)rc(ijsToerrgg\s\)//ntlg ;jc;:g r(1:1ourlnat3t e rroutine basis. We welcome an opportunity to discuss
P geap P your power measurement applications; AC or DC,;

Price: 4-1850: $149.95 any voltage, current, or plug configuration.
20-1850 $249.95 See our web site for additional product specifications
20-1850CI  $299.95 and information on availability of new products.

21-1850Cl $349.95

o S _ Dealer inquiries:
Price includes domestic shipping and handling. ki b del .
CI = Computer Interfacing: includes RS-232 interface, cable and software. at 'nson@ randelectronics.com
Maine residents add 5.5%sales tax. Tel/Fax: 207-737-3474

Call today! To order, call toll free 24 hrs. Beand 2lecironies

l m 433 “00 e 421 Hilton Rd., Whitefield, ME 04353
- — — — For information only, call 1-207-549-3401

http://www.brandelectronics.com email: info@brandelectronics.com
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Cambodia’s

©1999 Peter Banwell

Samaki village fishermen’s houses with small PV modules on poles.

ambodia is small tropical

Southeast Asian country of about

10 million people. The country is
largely rural, with the majority of the
population living in the provinces. Due
to the rural population and lack of
government funds for electrification,
approximately 85 percent of the country
IS not electrified.

The parts of the country that do have electricity have
only intermittent service. Electric power service for
households generally consists of small generators,
private power vendors who own large generators and
sell power to houses, and battery charging stations for
small 12 volt systems.

In 1997, my wife was offered a job with the Asia
Foundation to run the Women’s Economic and Legal
Rights Program in Phnom Penh. | was able to take a
year off from my energy efficiency job in Washington,
DC, and went to Cambodia with the goal of starting a
small PV business in Phnom Penh.

Starting a PV Business

Since we expected to stay for just one year, | began by
trying to find a partner who could continue the business
after we left. After a long search, | found Mr. Ford Thai,
a local businessman with extensive business
experience and the ability to speak six regional
languages as well as English and French. Ford is a
local legend. He's a Khmer (Cambodian) of Chinese
descent who drives an American speedboat on the
Mekong and takes his pet monkeys with him while
installing PV systems. He is a colorful and delightful
man, and it was a pleasure to work with him from the
very beginning.

Our first task was to determine which solar products
would succeed in Cambodia. We chose small PV
lighting kits for use in the millions of countryside homes
without electricity. We found that it was necessary to
use Asian components. They were our only practical
choice, given the cost of importing from the U.S. or
Europe, and the price sensitivity of the Cambodian
market.

The kits consisted of a solar module, a charge
controller, a 12 volt light, and a battery. During our first
few months, we installed a solar electric computer
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system in a rural office and a lighting system for a rural
health clinic. As we were growing, we registered our
business with the government under the name Khmer
Solar.

Government Connection

In pursuit of potential projects, | met with the Director of
the Energy Department for the Cambodian government,
Dr. Sat Samy. He was in the process of specifying and
selecting solar equipment for a village solar project, and
became interested in our solar lighting kits. After some
tests of the kit at his house, many discussions, and
comparison of our systems with others, we were
awarded the contract to install 38 PV lighting systems.

The Project

The project plan was to bring solar lighting kits to
Samaki, a small fishing and rice farming village near the
Kampong Som and the Gulf of Thailand. The village
was approximately 5 km (3 miles) from the nearest
large town. The houses in the village were elevated on
stilts, had one to two rooms, and were built in traditional
Cambodian style, with bamboo framing supporting a
palm frond roof.

As their only source of lighting, villagers were using
small kerosene wick lamps, which were dim, smoky,
and dangerous. The villagers did not own batteries
since they were unable to transport them back and forth
to a larger town for recharging. Solar electric lighting
kits were the first source of electricity in these homes.
The kits were designed to provide one to three hours of
light per night, depending on the season.

Selecting & Testing the PVs

We looked north to China to supply the modules for the
lighting kits. China has a thriving domestic market for
PV and it was our closest economical choice for small
modules. Through a regional renewables advocacy
group, we found Yunnan Semiconductor, a Chinese
manufacturer offering good quality modules. Their
features include 36 single crystal cells, aluminum
frames, ETA backing, imported low iron glass, and a 20
year warranty.

Our tests revealed that the modules were not producing
their rated current and they were also not properly
marked with current and voltage data on the back. We
suspected that we had been shipped the wrong size of
modules. Upon further discussions with the factory, we
learned that the Chinese have a rather odd system for
classifying modules. They have three 12 watt modules:
12A, B, and C, with C having the lowest output. We
were sent 12B modules, which have the engineering
specifications of 11 watt modules. Although the Chinese
never agreed with our logic, or we with theirs, in the end
we were issued a refund equal to one watt per module.

Systems

Installing a solar panel on a pole.

Choosing Charge Controllers

The lighting kit was to have one small charge controller
to protect the battery from overcharge and
overdischarge. We tested two types: the Morningstar
6.0 and the Steca Solsum 5.6. Many of the features
were similar. Both had protection from reverse polarity,
were suitable for tropical environments, had two year
warranties (the Steca warranty was extended for this
project), met quality standards set by the World Bank
for PV projects, had low voltage disconnect, and had
PWM charging.

After all of these features were examined and weighed,
we found that the Steca had one significant technical
advantage over the Morningstar: an LED that changes
color with battery voltage, then flashes a cutoff warning
at low voltage. In contrast, the Morningstar will
disconnect loads without warning. With the small
systems we were planning to install, an unexpected
load cutoff could have left villagers in the dark for over a
week while the battery recharged from a small PV
panel. In the end, this feature and the much lower price
for the Steca convinced the Energy Department. Since
making the selection, we have found that Steca’s
customer service and distributor support is excellent.

Selecting Batteries

Since deep cycle batteries were unavailable in
Cambodia, our choice was to either import deep cycle
batteries at $200 each or use standard car batteries at
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Khmer Solar technician, Toch Sovanna, prepares charge
controllers. Ford Thai, president of Khmer Solar, watches.

$23. The economics strongly favored using car
batteries. We recommended a 32 AH car battery, which
we expect to last 2-4 years, depending on
maintenance.

Car batteries are widely used in Cambodia for rural
electrification in homes such as the ones in Samaki
village. Tens of thousands of people in the countryside
bring their 50-100 AH batteries in to a charging station
once a week, and have learned that fully discharging
the battery comes at the cost of battery life. With this
infrastructure in place in the larger towns near the
village, we decided that car batteries were a reasonable
choice. Automotive batteries are not ideal, but they are
cheap, and with proper maintenance they can last a
long time. The village chief is responsible for battery
maintenance, and each homeowner was given a small
bottle of battery water to keep near their system.

Using the Steca

The charge controller is an essential element in
maintaining the health of the car batteries. For the
charge controller to be effective, we needed to teach

the homeowners what the LED indicator lights meant.
We did this in two ways. First we had a training session
for all homeowners, and then we distributed booklets
written in Khmer explaining what the color changes
meant. The goal here was to get the homeowners
accustomed to “reading” their charge controller, and
keeping their battery as full as possible. We designed
the systems for a typical daily battery depth of
discharge of ten percent.

The settings on the charge controller are as follows:
green is 12.7 V, yellow is 12.3 V, red is 11.8 V, flashing
occurs below 11.8 V, and cutoff happens at 11.1 V.
Reconnect voltage is 12.6 V, and the charge controllers
have temperature sensors to compensate for high
temperatures.

Testing and Selecting Lights

The homes in the village were small, and the project
goal was to bring light to just one of the small rooms.
There were several lights available to us for
comparison: a reasonable quality import at a good
price, a moderate quality, low price fixture made locally,
and a screw-based compact fluorescent from China.

The Energy Department was not interested in the screw
based fluorescent, since the villagers could not easily
and economically replace it. After comparing the lights,
they chose the locally made fixture, a 10 watt straight
tube with a reflective backing. While we encouraged
them to step up in quality to an imported fixture, we
recognized that locally made fixtures were used all over
Cambodia and would be very easy to repair or replace.

The Installation

On the day before the installation, we assembled in the
garage under the Khmer Solar office. The crew of
seven was made up of Khmer Solar technicians and
employees from the Energy Department. The crew had
a good mix of experience. Some of us knew the solar
side well, and others were electricians or electrial

Samaki Village System

11 watt PV panel Steca
charge controller
with LVD

10 watt fluorescent light
from Cambodia

from China

(—(

Wall-mounted
switch

Car battery
32 amp-hours
at 12 volts
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engineers who were highly skilled
with tools and wiring. The imported
items had made it through customs,
and we had all of our equipment for
the project. On the bare floor we laid
out all the modules, charge
controllers, mounting racks, sub-
boards, lights, wires, screws, bolts,
and tools.

At sunrise the next day we left
Phnom Penh by car and truck,
winding our way out of the city
against the incoming swarm of
motorcycle commuters. After a few
hours on a good road, we turned
onto a dirt track that ran between
the rice fields. Fishermen worked
their nets in the clay-lined canals
next to the road. Soon the group
crossed an old metal bridge leading
to our destination—Samaki village.

Samaki is a small rice farming and fishing village on the
Prek Kampong Smach River, near the coast. It has a
population of approximately 200. We were led to the
village chief, who was in a large courtyard area under
his elevated home. This area served as our staging
ground where we set up all of our equipment and
worked out of the sun and rain.

When we started working on the installation, the seven
of us broke up into teams of two or three, each with our
own equipment and a full set of tools. The village had
fishermen’s houses near the river, and rice farmers’
houses far off in the rice fields. Our job was to install
systems in all of the houses, so we expected lots of
walking.

Wiring & Installing the Modules

Although I can list a number of quality features of the
Yunnan modules, the junction box is not on that list.
The box was a tiny thing, leaving no room for any type
of fasteners. To make the electrical connection, we had
to solder the wires directly to the plus and minus tabs in
the junction boxes. Although soldering is time
consuming, it did give us a high quality connection.

Outside of the cities, Cambodians commonly use
traditional palm fronds for their roofs. The fronds are
replaced every couple of years, so it was necessary to
install the modules on poles instead of roof mounting
them. We used wooden poles standing next to—but
higher than—the roof, facing south at an eleven degree
angle.

By the end of the first day, we had installed most of the
poles, and two complete systems. After finishing our

Systems

work, we drove to the beach, walked through the palms,
and swam under the stars. The only light was from the
moon, which slowly rose over the gulf of Thailand. The
other beach inhabitants were large fruit bats that floated
gracefully past us through the tropical night.

Installing Charge Controllers

When we started early the next morning, we began with
the charge controllers, batteries, and lights. We
prepared the charge controllers by mounting them to
small wooden sub-boards, which were spray painted
either bright orange or dramatic silver. We used large
screws to affix them to the wooden framing in the
house, at eye level, where homeowners could easily
see the LED voltage indicator lights.

Then we ran into a problem. The Steca charge
controller works best with single strand wire since its
junction holes are close together. But because we were
using multi-strand wire, single wires easily strayed from
their narrow space and shorted the circuit, causing

PV Lighting Systems

Component Cost Percent
11 watt modules $91 45.5%
Steca Solsum 5.6 $35 17.5%
Shipping, insurance, customs $35 17.5%
32 AH car battery $23 11.5%
10 watt fluorescent light $8 4.0%
Iron mounting rack $5 2.5%
Wiring, screws, etc. $3 1.5%

Total $200

Home Power #71 « June / July 1999
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sparks, blown fuses, and furrowed brows. The solution
was to prepare the wires beforehand at the chief’'s
house, before they were installed in the houses. We
trimmed the lose wires and treated them with solder.
The solder bonded the wires into a single strand and
the wires then slid into the connection holes easily.

Lights in the Darkness

We spent our third day finishing up the wiring on the
charge controllers and lights, and our work proceeded
without difficulties. It took three days to install the 38
systems. As we packed our equipment late on the last
evening, a powerful wind began to blow—monsoon
season was beginning. We were on a fishing pier a
short distance from town, where we stayed for the
sunset. As the tropical night quickly fell around us, the
individual homes began to light up one by one, breaking
out of the darkness for the first time.

We went back to visit the project several months after
we completed the installation, arriving in the evening.
As we walked through the village, we could see people
in their houses sitting in small circles under their lights.
They were reading, eating their evening meals, and
talking. People reported that their systems were
working very well, and although we don’t have hard

numbers to report yet, it appeared that they had learned
to live within the energy budget of the small systems.

When our visit was over, we drove out and crossed
several miles of rice fields before reaching the main
road. Looking back before we turned towards Phnom
Penh, we could see Samaki village, a small cluster of
lights shining brightly against the dark backdrop of the
mountains.

Access
Author: Peter Banwell, 7221 Cedar Avenue, Takoma
Park, MD 20912 » 301-587-2375 « banwell@us.net

Ford Thai, Khmer Solar, PO Box 1561, Phnom Penh,
Cambodia « 011 855 15 830 038

Fax: 011-855-23-362-077 » fordthai@forum.org.kh
www.camnet.com.kh/khmersolar

Controller manufacturer: Steca, Mammostrasse 1, D-
87700 Memmingen, Germany « 0049-8331-8558-0
Fax: 0049-8331-8558-11 » solar.sales@steca.de

PV manufacturer: Yunnan Semiconductor Device
Factory, Jian She Lu 24, 650033 Kunming, People’s
Republic of China « 011 86 (871) 5362240

Fax: 011 86 (871) 5337279

Our catalog includes a planning guide to help you, R
understand how to put your energy system A
together—its applications and sizing. We offer, S
lower than usual prices @plarexand it
SiemensPV modules an#ohler generators.
Our Traceinverters include free battery
cables. We carr$un Frost, Nova Kool,
and ConServefrigerators, specialized
appliances and lighting, and a range—
of meters and controlsieliotrope,
SCI, Pulse,andTriMetric .

R

Most items in stock for immediate shipment. We accept v

Steve & Elizabeth Willey « 1395-HP
Phone: (208) 263-4290 « Fax: (208) 265-4788
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Take Your First Step to Electrical
Independence with Millennium’s

SOLAR FOR THE
NEXT CENTURY

Personal Power Systems

* Designed for use with or without
Utility Power

* Complete and easy to install

* Easily expandable as your needs grow

* Quality-certified components
offering the best value

* Tomorrow’s technology today

* Free Design Guide

MILLENNIUM POWER SYSTEMS
TEL: 410-686-6658
FAX: 410-686-4271
E-MAIL: mail@offgrid.com
WEB-SITE: www.offgrid.com



Why Buy‘A,&llThis Stuff?

} puter, software, battery charger, relays,

'+ wire and the rest. But why buy all
' this stuff? The Power Advantage 30
 Battery Charger has it all in STk

Power Advantage 30 features include...

e Maximum power tracking: Continuously adjusts e Available in 24 and 48 volt models with up to 1500
current from solar panels as it transforms voltage, watts of power.
allowing it to seek the precise point where maximum e« Qptional LCD enables continuous system monitoring
power is available. This produces 25% more power without a PC.

than conventional models. ) . .
For more information contact us or the Dealer in

your area. Then you won’t need to buy all this stuff!

FIREWIND&RAIN

* 3 charging modes: Bulk charge, constant voltage
and equalize.

* Tracks power you produced and used, battery
condition, and battery life based on present load.

* Flash memory stores 45 days of data which can be

d from a PC or modem #Sss LCHNOLOGIES LLC
ueessed Tom & T oF mode: 3920 East Huntington Drive, Flagstaff, AZ 86004
* Enables importing data onto a spreadsheet for (800) 588-9816 * (520) 526-1133 * Fax (520) 527-4664

further ana]ysis, www.firewindandrain.com



SOLAR-ONE™ TECHNOLOGY AT WORK:
THE HIGH UTILIZATION POSITIVE PLATE

Innovative technology is
what separates Solar-
One™ from the rest of the
pack. Delivering full
capacity for more total
cycles than conventional
batteries, Solar-One
batteries are engineered
for outstanding
performance, from the
inside out!

A Toke a close look af the
Solar-One unique high-
utilization positive plate,
and you will see that it is
our positive grid that
provides the foundation for
Solar-One Positive Plate
Technology. Incorporating
the highest quality raw
material available in the
industry. The Solar-One
grid uses our own
metallurgical formulation
and a computer-controlled
grid casting system,
another industry exclusive!
The result:

B the Solar-One grid
contains larger lead
crystals, and larger crystals
mean fewer points for
corrosion to attack the
battery.

& To accommodate grid
corrosion and growth,
many bDHery
manufacturers are forced
to use a ”ﬂocl‘ing seal”, a
battery design which is far
more subject to leakage
than the Selar-One’s
burned postto-cover seal.
Having controlled the
growth of our positive grid,
the Solar-One seal is
stronger and less
vulnerable to leakage.

D The key to Solar-One’s

1

F
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tradition of longer battery life at
full capacity is our patented H.U.P.
technology (US patent #4,135,829.).
H.U.P. is a process which optimizes
both the active material utilization
and the longevity of the positive

paste. A colloidal suspension of

E 1his process known as
fibrillation, locks the active
material into place and
virtually eliminates flaking
and shedding - the chief

causes of battery failure.

L B Tested ot the National
| Battery Testing facility
. batteries with H.U.P. have
. been shown to increase
working life by at least
20%, with absolutely no
| sacrifice of capacity! In fact,
H.U.P. batteries deliver full
capacity longer, have faster
voltage recovery with lower
internal resistance, and last
longer than conventional
batteries. For more power
in your Renewable Energy
System look for the H.U.P.
Solar-One™ label. High
Utilization Positive plate
technology only from:
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of fibers throughout the active

material. Dealer Inquiries Invited.

e Warranteed for 2100 cycles at 80% depth of discharge e
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in your R-E system with the Hup Solar-One. Best Factory Warranty:
5 years Free Replacement, 5 years Pro-rated.

IR
i

iii

»
>
!
Iha

. '!'![f HIH ::'.!i.! ui‘!l‘![ VoL |'”' i!. !!I!'! g,!I
I SRR T T T
AP P AT VRS H T E S YA L MY L T

illllllll‘
'i

Check our ONLINE CATALOG at WWW.NWES.CoOm

B HOMm =HOQ

9188-81L-008

JOVEOLS ASYIN LSIAMHLUON

SEZO IPHOn =0



; R v e 0, i T
B o ® i e By b . o

Lou Ann and Kelvin’s wind/PV island in the sky.

n January of 1998, Lou Ann and
Kelvin Washington were in the
market for a new home, away from
their hectic jobs in Denver. They found
their piece of heaven high on a hilltop in
South Park, Colorado. But their new
dream home came with some problems,
including a power system that was not
the best introduction to renewable
energy.

The house is 2,600 square feet (242 m?2), passive solar,
and super-insulated, with a gorgeous view of the
surrounding valley. They were told that the house had
an “off-grid” electrical system. Being from the city, they
had no idea what that meant. Nor could anyone vouch
for its reliability.

Eric Westerhoff of Innovative Energy, the PV dealer
from nearby Breckenridge, was contacted by the realtor
to inspect the electrical system. What Eric found was
that nightmare known as “the handyman’s special!”

A Bit of History

The power system for the house was initially installed
back in the mid-1980s, but evolved through the years.
When we arrived on the scene, it consisted of twenty

Kyocera 50 watt PV panels mounted on the roof. The
PVs were series-paralleled, configured in five arrays
with four panels in each array. Three of the arrays were
regulated by one Trace C-30 charge controller, and the
other two arrays passed through a second C-30.
Maximum output of the 24 volt PV system was 35
amps.

The batteries and some of the controls were replaced in
1988. The new 24 volt battery bank consisted of twelve
Trojan L-16s, series-paralleled for 1,400 amp-hours of
capacity. Backup power was originally supplied by an
8.5 KW Onan LP (propane) generator through two Todd
75 amp battery chargers. Three 2,500 watt Heart
Interface inverters supplied AC power to the house.

When the property changed hands in 1992, the new
owners ran a small jewelry shop out of the house. It
was during this time that the system fell into disarray. In
order to meet production, the owners had to max out
the system on numerous occasions, which eventually
damaged the battery bank. The system was well used,
but obviously with little preventive maintenance.
Entropy set in, and system output declined. The owners
depended on the Onan genset more and more.

Upon inspection, Eric found that the L-16s were more
or less dead after only five years of service. During the
day when the sun was shining, battery voltage climbed
to 28 volts. When the sun set, however, the system
voltage quickly fell to 19 volts. As a result, the inverters
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shut down due to low battery voltage at night, and
power had to be supplied to the house by the LP
generator. Eric characterized the installation as
“basically a direct drive system. You've got solar lights
during the day, but LP lights when you most need
them.” Just prior to our arrival, the worn out Onan was
replaced with a Generac 5,500 watt gasoline generator.

Superfund Site?

Eric remembers first approaching the battery/
inverter/controller room and being overpowered by the
smell of battery fumes. There was obviously something
wrong. Among other things, Eric discovered that the
Trace C-30s were operating continuously in the
equalize mode. This resulted in the batteries merrily
boiling away on bright sunny days.

Needless to say, the battery room was a toxic waste
site. Battery acid had boiled over onto the concrete
floor, etching canyons into the cement. Battery acid
wicked up one wall of the room, dissolving the drywall
in the process. The battery box hardware had begun to
vaporize from the acid fumes. The previous owner had
covered the spills with various layers of indoor-outdoor
carpeting. As the carpeting decayed in the acid, bits of
rubber and tuft were tracked away by visitors.
Fortunately, most of the acid had been neutralized by
the dissolving concrete.

Eric’s inspection report to the realtor indicated that not
only did the batteries need replacing, but the battery
room also needed a complete overhaul. Once they
closed on the house, Lou Ann and Kelvin bought new
batteries from Eric. They also requested a general tune-
up of the RE system.

Adding Wind

Eric had noticed that it was rather
windy up on the hill, and suggested
to the proud new owners that they
might want to consider installing a
wind turbine. He pointed out that the
siding on the west side of the house
had been caulked to reduce wind
infiltration. Eric explained that
adding wind to the PV system would
increase the system’s reliability. It
would also reduce the amount of
propane and dgenerator time
required to keep the batteries
charged up. This sparked an
interest in Lou Ann, and she asked
Eric for a quote.

At this point, Eric knew he was
getting in pretty deep. Since he'd
never installed a wind turbine
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before, he contacted Johnny Weiss at Solar Energy
International, in Carbondale. SEI teaches an excellent
series of RE workshops, some of which culminate in a
system installation. Johnny immediately called me
about the possibility of doing this installation during
SEI's wind power workshop, which | teach.

Eric is an accomplished and very professional PV
installer. He's also smart, and knows the limitations of
one-resource-only RE installations. Eric’'s offer actually
resulted in everyone winning. Lou Ann and Kelvin got a
top of the line system installed for a very reasonable
price. SEI secured a wind installation for its students.
The students received a great lesson in system
rehabilitation and a difficult tower installation. And Eric
acquired the experience he knew he needed with wind
generators and towers.

First Impressions

Based on the pictures and information he supplied
about the site, battery bank, and the house loads, Eric
and | settled on a Whisper 1500 wind generator
mounted on a 60 foot (18 m) tilt-up tower. We decided
that the location for the tower would be determined
when | arrived in Colorado. | flew in a few days before
SEI's wind power workshop began so | could make a
site visit with Johnny and Eric.

The first thing that | discovered during our initial site
visit was that the Washingtons’ house was indeed
perched “on top of a hill.” In fact, the hill dropped off
rather precipitously in all directions. And it certainly was
windy! This was going to make for a very interesting tilt-
up tower installation.

Johnny Weiss holds a makeshift surveyor’s staff
while the cre

w checks anchor

heights with a transit.
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Setting the anchor orientation amidst a cat’s cradle
of leveling strings.

The second thing | discovered was that Eric’s
characterization of the battery room as a “toxic waste
site” was no exaggeration. There would be some
serious work ahead of us to get the battery room back
into a user friendly condition. All in all, this was going to
be a challenging installation that neither students nor
instructors would soon forget. Johnny, Eric, and | left
the site excited with the possibilities.

Work Begins

SEI's Wind Power workshop is a two week program.
The first week is spent in the classroom in Carbondale,
with forays outside for various demonstrations.
Students assemble about nine wind turbines to
familiarize themselves with various models and their
components. After a week of intense instruction, the
students and the instructor are ready to get their hands
dirty. Once on site, Johnny, Eric, and | oriented the
students and explained the week’s work. Even though
we had a lot of work ahead of us, we were all anxious
to get started.
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The first task at hand was to pour concrete for the tower
anchors. We had laid out the anchor locations during
our pre-workshop site visit. This allowed time for Eric to
jackhammer holes in the granite bedrock that hid about
a foot below the surface. (Another great lesson! How
many PV dealers get to use a jack hammer?) With a
group of students in tow, Johnny set up a transit and
explained how to use it to determine the tower anchor
heights. The rest of us laid out a maze of strings so that
we could accurately place the tower anchors in relation
to each other.

Setting the anchors for a tilt-up tower is somewhat
forgiving on flat level ground. On the side of a hill,
anchor location is critical if the tower is to be safely
raised and lowered without binding. Binding guy cables
can buckle a tilt-up tower in a heartbeat, endangering
anyone or anything near it.

Strings and elevations were checked and readjusted
numerous times before we were satisfied with their
positions. All of this was necessary because once
concrete sets, there is no going back for readjustments.
Late in the afternoon, the concrete truck labored up to
the top of the hill and carefully dumped its load into our
holes. We rechecked and readjusted the anchors one
last time before quitting for the evening.

Teamwork

The next day, we split into various work groups. One
group laid out the underground conduit and wiring from
the tower base to the house, then worked on getting the
wiring through the concrete wall and into the battery
room. We were privileged to have two licensed
electricians as students. This helped assure that all
wiring, inside the house as well as outside, would be
done up to code.

A second group tackled the battery room clean-up and
rebuild. After a complete tear-down of the battery room,
all acid laden cement, drywall, and lumber were safely
landfilled. Needless to say, so were some acid-eaten

Pouring concrete for the tower anchors.




Drilling the battery room walls for
tower wiring access. Note the
original location of the inverters
over the battery box.

clothes. The team then began to
rebuild the battery room correctly.

The third group worked on laying
out the tower components and
assembling the tower. The tilt-up
tower was a kit supplied by Lake
Michigan Wind & Sun. The tower kit
components were all nicely
galvanized. However, the four inch

Assembling the tilt-up tower.

Systems

(10 cm) tower tube itself, purchased
in Denver, needed priming and
painting. Since South Park is
essentially a desert at a 10,000 foot
(3048 m) elevation, the paint was dry
after a mere coffee break!

Tilt-up Basics

Tilt-up towers are pipe or tube
towers, held upright with a system of
guy cables. The tower tubes, cables,
and connecting hardware are
assembled on the ground, then
raised into an upright position with a
lifting device, such as a tractor, truck,
or winch.

A raised tilt-up tower is shaped like
the capital letter “L.” The long
vertical part of the “L” represents the
tower, and the short horizontal part
represents what we call a “gin pole.”
The gin pole is the lever used to
raise the entire tower into the upright
position. When assembling a tilt-up
tower on the ground, both parts are
horizontal. First, the short part of the
“L"—the gin pole—is hoisted into
place, making the tower look like an
“L” lying on its back.

A lifting cable attached to the gin
pole by way of a pulley system is
attached to the lifting device—Eric’s
4x4 pick-up truck in our case. As the
vehicle backs away from the tower
with lifting cable attached, it pulls the
gin pole into the horizontal position,
and the tower into the vertical
position. In effect, the gin pole levers
the tower into its upright position.

Electronics

The entire house is on AC, powered
by three Heart Interface 2,500 watt
inverters. The inverters are
“cascaded” together, and feed the
AC circuit breaker box for the house.
Two of the inverters feed up to 5,000
watts at 110 VAC into one side of the
220 VAC breaker box, while the third
inverter feeds 2,500 watts at 110
VAC into the other side of the
breaker box. Our journeyman
electrician from New York City
commented that he had never seen
anything like this before, but he was

unaware of any reason why it
couldn't be configured this way.

The inverters were originally located
on a shelf about a foot above the
battery box. This is not a good
situation in any case, but especially
not when the batteries are venting
acid fumes on an almost daily basis.
Ideally, batteries should never be
placed in the same room as the
inverters, controllers, and other
electrical system components.

Unfortunately, it was not possible to
totally separate batteries from
electronics in this installation.
Instead, the team decided to move

Untangling the maze of tower
guy cables.

the inverters and other electronic
equipment to the adjacent wall,
rather than reinstall them over the
battery box. Since this would involve
the house being without power for a
time, planning and choreography to
minimize shut-down time became a
consideration. It's  real-life
challenges like this that make these
classes and installations so great!

While troubleshooting, the students
discovered that one of the Trace
C-30 charge controllers was not
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operating. That meant that only
three of the five PV arrays were
actually online charging the
batteries. The previous owners had
limped along, not only on bad
batteries, but also with only 600
watts of a 1 KW PV system online!
Fortunately, Eric had a spare C-30
that was then plugged into the
system, restoring full PV power to
the batteries.

The crew built a new battery box
complete with a 1 inch (2.5 cm) PVC
pipe vent that passed through the
concrete block wall. The battery box
was constructed very tightly and
sealed to eliminate fuming in the

Leveling the tower and tensioning

“Heave-ho”ing the tower gin pole into place.

battery room. The L-16s were gently
placed in the battery box, with anti-
corrosion grease coating all battery
terminals and interconnects.

Whisper Controller

When the batteries are fully charged,
many PV charge controllers simply
interrupt the PV to battery circuit,
effectively disconnecting the PVs
from their load, the batteries. Unlike
PVs, most wind generators must
have a constant load connected to
them. Breaking the circuit between
the wind generator and its load
results in a freewheeling wind
generator rotor. This can sometimes
lead to thrown blades.

The Whisper controller is a “shunt”
regulator. As the batteries charge up,
a resistive load is progressively
added to the wind generator/battery
circuit. Excess power that the
batteries can’t take from the wind
turbine is shunted to this resistive
load. This accomplishes two
important things. First, it taper
charges the batteries as they reach
full charge. Second, it maintains the
load on the wind generator,
preventing the rotor from
freewheeling and possibly self-
destructing. A bonus is that the
waste heat can be used to heat hot
water, or warm your battery room in
the dead of winter.

Since wind generator dump loads
can get extremely hot, it is critical to

install them on a fireproof surface.
While this point is stressed in the
Whisper installation manual, many
folks still install dump loads on
plywood instead. With safety in
mind, the team mounted both the
Whisper controller and dump load
on the concrete block wall of the
battery room.

One last feature of the Whisper
controller is the wind generator
brake switch. Most of today’s wind
generators are three phase AC
permanent magnet alternators. The
AC is rectified to DC in the controller
for storage in the batteries. By
shorting out the three AC phases
coming from the wind generator
before it is rectified to DC, a very
large electrical load is placed on the
wind generator. The electrical load is
so large, in fact, that the wind
turbine’s spinning blades are stalled.
This action is similar to stepping on
the brake pedal in your car, which
“loads” the car, so to speak,
reducing its speed until the car
comes to a stop.

The brake switch is a nice addition
to a wind system. It allows the owner
to stop the wind machine from the
comfort of the control room for any
number of reasons: when inspecting
or servicing the wind turbine or
controller, when the batteries are
fully charged, when a storm is
approaching, or when leaving the
system unattended or unused for
long periods of time.

Back Outside...

Meanwhile, the team working on the
tower assembly had finished their
task. The tower was ready for its
initial raising. Since we didn’t have a
winch, we hitched Eric’s 4x4 pick-up
truck to the lifting cable, and began
slowly raising the tower. Halfway up,
we discovered yet another
problem—a tree was in the way of
some of the guy cables. This was
not evident when we laid out the
anchors, tower, and guy cables.
Fortunately, with a bit of limb
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Low Ann & Relvin Waskington's Wend & PY Syatem D:E.D

World Power Technologies, Whisper H1500

Twenty Kyocera 50 watt photovoltaic modules
wired for 1,000 watts at 24 Volts DC

1,500 watt wind generator, produces 3-phase wild AC
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by Carol Weis between inverters and generator

AC mains panel
to AC loads

Twelve Trojan L-16 lead-acid batteries
1,050 amp-hours at 24 volts DC

buckling. Once the tower was plumbed and all cables
properly tensioned, it was lowered. It was time to install
the Whisper 1500, the culmination of the installation.

TGIF

With the tower back down on the ground, we prepped
the Whisper 1500 for mounting atop the tower. We
connected the wind generator wires to the tower wires
with inline butt-type cable connectors. We wrapped the
connectors individually with rubber splice tape, the type

29

trimming (by Home Power staffer and tree monkey lan
Woofenden), we were able to make the guy cables
clear the tree. Another valuable lesson while doing a
real life installation!

Next came the rather tedious business of plumbing the
tower by tensioning the many guy cables. The lower
guy cables are always tensioned first. Then the other
guys are done, moving progressively to the top. This
assures that the tower will stand straight without
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Final nuts and bolts check on the Whisper H1500 before we raise the tower.

used on submersible well pumps. The electrical wires
coming down the tower are held in place with a wire
basket type of strain relief, known as a Kellums grip.
This device acts like a “Chinese finger trap,” in that the
more the wires pull, the stronger it grips. The Kellums
grip supports the wires at the top of the tower,
preventing their weight from pulling the wires out of the
wind generator.

Once the Whisper generator was wired up and bolted to
the tower, we installed the blades and tail. We did final

Original System Costs

Components Cost
Twenty Kyocera 50 W PV panels $7,000
Three 2,500 W Heart HF24-2500X inverters $3,780
Twelve Trojan L-16 batteries with interconnects $2,304
Generac 5,500 W gasoline backup generator $915
Two Todd 75 amp battery chargers $590
Roof mounts $525
2/0 and 4/0 cables $412
Transfer switch $344
APT 60 PV charge controller $249
Wiring $187
Misc wire, lumber, & hardware for battery box $180
Miscellaneous hardware $142
400 amp fuse $125

Total \ $16,753

* All costs are presented in present dollar value.

inspections on all of the tower
cables and fasteners. We checked
all wire connections, both at the
wind generator and in the battery
room. Then we rechecked wind
generator fasteners, making sure
they were tight. The wind was
blowing, and Lou Ann was anxious.
Everything was finally ready!

With Eric’s 4x4 in position, once
again we slowly raised the tower.
This time, we had the wind
generator on it. Once the tower was
upright, several students secured
the gin pole to the front anchor, then
disconnected the lifting cable. With
the Whisper facing the wind, Lou
Ann did the honors and turned off
the brake switch. The wind genny
started spinning and within seconds,
the 35 amps from the PVs was
accompanied by an additional 35 amps from the
Whisper. Wind and sun, as it should be!

Best of all, we finished the entire project by Friday
afternoon—concrete, complete tower and wind
generator installation, all wiring, plus a total battery
room makeover. Quite an accomplishment. But then, it
was quite a group of students!

Wind Upgrade System Costs

Components Cost
Labor $400*
Whisper H1500 w/ controller & dump load $3,210
60 foot (18 m) tilt-up tower kit & tubing $1,995
SEl overhead fee $500
Concrete $345
Wiring & conduit (500 feet of #4 AWG) $307
Excavation $225
Colorado state sales tax (3%) $170
Shipping $128
Misc. electrical parts (lightning arrestor, etc.) $87
Misc. hardware (Kellums grip, bolts, etc.) $77
Whisper controller EZ-Wire Center upgrade N/C

Total | $7,444

* This was Eric’s first real wind installation, so he was learning
with the rest of the class. He only billed the Washingtons 25
percent of his normal labor rate.

Cost tables by Eric Westerhoff
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Carol Weis: Apprentice Electrician

| am approaching the solar world by apprenticing as
an electrician. | worked for eight months doing
commercial work in Minneapolis before moving to
Carbondale, Colorado, in pursuit of hands-on practice
in the renewable energy field. | also wanted an
electrical job so | could work towards my license.
Once in Colorado, | struggled to find an employer in
this traditionally male field who would hire a woman
electrician. | finally found Patrick Kiernan from Eco
Electric in Basalt, who does a combination of solar
and regular electrical work.

My goal as an electrician has always been to work in
renewables. I've learned to work with tools and wires
in the AC world, but | had never worked in the DC
world, or with solar panels or wind generators. | have
always been a hands-on learner, so taking SEI
workshops seemed like the logical choice.

The wind class was my favorite workshop offered by
SEI. I loved taking apart the wind generators in class,
and it has inspired me to take a motor and generator
class here in town. The material covered at SEI was
in-depth, current, and easy to grasp. Above all, |
enjoyed the blend of personalities which we
entertained in the group and the triumphant event of
raising the tower and hearing the blades flutter in the
wind for the first time.

Experience Solar Energy International

| have always been impressed by the caliber of student that the SEI wind workshop draws, as well as the
diversity of their backgrounds. Most folks are PV dealers and homeowners interested in learning how to
integrate wind into their energy mix. But a number of students have other professional interests in the wind
workshop. Students have included folks with PhDs in physics, mechanical and civil engineers, licensed
electricians, accountants and financial policy analysts, home contractors, and even an oil company executive.

Check out the diverse perspectives of Carol Weiss and Eric Glatstein, students in the 1998 wind workshop.

Eric Glatstein: EPA Engineer

I am an engineer with the United States
Environmental Protection Agency’s regional office in
Chicago, where for the past seven years | have
worked on a variety of projects. The subject of
radioactive waste is closest to my heart—cleaning up
abandoned radium paint from the 1920s, and trying
to figure out ways of disposing radioactive material.

Practicing engineers are deluged with notices for
continuing education on such topics as limited
difference modeling of reinforced concrete under
minor earthquake loads, offered in the ballroom of a
Holiday Inn just off the expressway. SEI is different.
Students learn something, then they get to try it and
see the results. After a week in the classroom and
several days installing the turbine, | became
hypnotized by the blades as they finally began
spinning and free power began trickling into the
battery. | never would have thought this would be so
fascinating to watch.

One reason other engineers may want to try an SEl
course—besides spending a few weeks in the
Rockies—is to inspire thoughts about innovation. A
prediction among people who know far more about
the electricity business than | is that the U.S. will not
be building any more large generating stations. If this
is at all true, the technologies SEI teaches will
become increasingly significant.

Since Then...

On Christmas day, Kelvin came home to the smell of
smoke in the battery room. The Whisper controller had
overheated and self destructed. Thank goodness for
cement block walls. Yet another lesson—electricity can
cause fires! The decision to mount the Whisper
controller and dump load on the cement block wall was
a good precaution. As Eric said, “I don’t want to be
responsible for someone’s house burning down.”

Whisper wind generators have a reputation for
producing more than their rated power. Lou Ann
reported that she has seen the Whisper’s peak output
hit 79 amps. With a 24 VDC nominal system voltage,

charging often reaches 30 VDC. That’s more than
2,300 watts going through the 1,500 watt controller and
into the dump load. Eric wisely replaced the 1,500 watt
controller with a 3,000 watt controller.

Eric also replaced the two Trace C-30 PV controllers
with an Ananda 60 amp charge controller. In addition,
he added a PV circuit breaker switch between the PVs
and the Ananda, something the original PV system
lacked.

Satisfied Customers
Lou Ann is thrilled with their wind/PV hybrid system.
With the exception of the down time they experienced
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when the Whisper controller fried, the Washingtons
have never run their backup generator.

Besides the normal AC electric loads like a deep well
pump, the household appliances include a dishwasher,
washing machine, and a high efficiency 22 cubic foot
(0.62 m3) Amana frost-free refrigerator. Most of their
heating loads (furnace, water heater, clothes dryer) run
on propane. Even so, Lou Ann reports that they have
“more electricity than they know what to do with.” She
says that when the wind really blows, she runs around

An enthusiastic Lou Ann throws the final switch,
starting up the wind generator.

the house turning on lights rather
than shutting down the wind
generator. With no sun or wind, the
Washingtons have four days of
battery storage.

When he first met them, Eric said
that neither Lou Ann nor Kelvin knew
an inverter from a PV module. Now,
Lou Ann calls him to discuss charge
controller regulating voltage versus
inverter shut-off voltage. Notes Eric,
“You couldn’t ask for better
customers. They want answers, and
they’re involved with their system.”

The system has come a long way
from the days when the 8.5 KW
generator had to be run just to turn
on a light at night. And according to
Eric, so have Lou Ann and Kelvin.
With a smile in her voice, Lou Ann
said, “I've learned a lot. I'm in charge of my own electric
system. | can’t imagine ever living on the grid again.”

Access
Author: Mick Sagrillo, Sagrillo Power & Light, E3971
Bluebird Rd., Forestville, Wl 54213 « 920-837-7523

Eric Westerhoff, Innovative Energy, PO Box 6538,
Breckenridge, CO 80424 « 970-453-5384

Fax: 970-547-0220 « innovate@colorado.net
www.renewablepower.com

Johnny Weiss, Solar Energy International, PO Box 715,
Carbondale, CO 81623 « 970-963-8855

Fax: 970-963-8866 * sei@solarenergy.org
www.solarenergy.org

Equipment suppliers:

Lake Michigan Wind & Sun, 1015 County Rd. U,
Sturgeon Bay, WI 54235-8435 « 920-743-0456
Fax: 920-743-0466 « Imwands@itol.com

Sunsense, PO Box 301, Carbondale, CO 81623
970-928-9272 « Fax: 970-928-9696
sunsense@sopris.net &
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Special Prices for a Limited Time
Delivered Anywhere

Jesus said, "1 am the way, the truth
and the life...” John 14:6

Maple State Battery
(802) 467-3662




In just one year, these
Solarex Millennia modules
will have generated an
amount of electricity equal
to the energy used in their
production. Note: Actual
photograph of Millennia
modules with patented
Integra™ frame.

Vlore

for Less

Thinking about an environmentally friendly
solar electric system for your home?

Consider this—Solarex’s new Millennia™ modules generate
enough electricity in their first year of operation to offset the
energy used to produce them.

While Millennia is generous in delivering electricity, it's a miser
when using scarce resources. In fact, Millennia needs less than
1% of the silicon required to make equal-output crystalline
modules. Also, Millennia modules don’t contain potentially
toxic or scarce materials.

Millennia by Solarex, the leader in solar electric technology for
more than 25 years, offers an attractive appearance, greater
efficiency, better stability than previous generations of thin
film, as well as a choice of framing options for easy installation.

Millennia delivers all of this at a lower cost to the environment,
and what'’s even better, a lower cost to you.

Millennia: Proving you can get more for less.

Contact Solarex today for more information.

It could take five to ten years for
comparably rated monocrystal-
line modules to generate the
electricity equal to that used in
their production. Note: Computer
simulation showing comparably
rated monocrystalline system
and its frame.

630 Solarex Court
Frederick, MD 21703
| M | R Phone: 301-698-4200
Fax: 301-698-4201
SOLAREX http://www.solarex.com
The Natural Source for Electricity™ Info@solarex.com
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' BP SOLAR

BP+SUN=CL_EAN
ENERGY

By the year 2020,

your electric utility
might provide 10% of
your electricity from
solar and other renewable

energy sources. But why

wait? You can generate your
own pollution-free electricity
today with a BP PV+ solar electric
system. BP the world leader in solar
electric systems, provides everything
you need in a single package. And
trained technicians from your BP
Solar dealer can install the whole
system in about a day, without
disrupting your home or current
electrical wiring. For the name of a
dealer near you call BP SOLAR at
1-888-BP4SOLAR.

BP SOLAR

2300 N. Watney Way
Fairfield, CA 94533
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Richard & Nancy Lebo’s 2 HP induction motor making juice in Costa Rica.

he standard three-phase induction
motor is very well suited for
hydroelectric generation. These
motors, functioning as generators, can
be used for both battery charging and
stand-alone applications.

Induction motors are especially useful on streams and
springs situated a long distance from where the power
will be used. Excessive wire loss in these situations
makes transmitting low voltage functionally impractical.
The generation voltage of induction generators is
typically from 120 to 480 volts, compared to the 12 to
48 volts of the small turbines commonly available on
the market. This technology opens up many potential
generation sites that were not previously usable with
existing turbines.

Economical & Low Impact

A 1 1/2 h