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our years ago, we
decided to install a

small home energy system
at our log home in the
northern Great Lakes region.
We had existing utilities, but
we wanted to switch to
renewables. The problem was
deciding how much equip-
ment we needed and how
much wind and sun we had.
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The Ruterbusches—Jill, Matthew, Rudy, Jason,

and Steve the dog—generate 97 percent of their electricity.

F
to More Energy
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We knew how much electricity
we were using—the utility
company was keeping good
records on that for us. We
attended the Midwest Renewable
Energy Fair in 1997, which helped
us design a small system that
provided us with a backup DC
electricity source (see HP80). This
gave us hands-on experience, and
we started making some of our
own energy right away. We
thought by using our small system
for a couple of years, we could
figure out how much energy it
could reliably produce. Then we
would know exactly how much
more equipment it would take to
run the entire house.

Small System Lessons
Our small system consisted of

four Trojan T-105 batteries wired
for 440 amp-hours at 12 volts DC,
an Air 303 micro-wind generator,
and a Solarex VLX-53, 50 watt PV
panel. Later we added two more
panels, for a total of 150 watts. Our
goals were to determine how
much wind and sun was available
at our site and to learn what
components would work best in
our location and for our seasonal (8 months per year) use. We
can now report what we learned and where we are today.

Based on two years of data collection, we now know that
our 150 watt solar-electric array reliably produced about 1/2

a kilowatt-hour (KWH) each sunny day, and our Air 303
averaged another 1/4 KWH when it was running.
Eventually, after several regulator failures due to high wind,
we decided to remove the Air entirely and shop for a more
robust wind generator.

Efficiency Measures
We spent another year getting our house ready for

renewable energy. This included changing all the lightbulbs
to compact fluorescents; replacing our 220 volt electric water
heater with an Aquastar, solar preheated, propane unit; and
changing some small electronics to 12 VDC, running them
directly off our existing batteries. We also replaced the
refrigerator with a 14 cubic foot (1.3 m2) Crosley AC model
from the local appliance store. While not as efficient as a Sun
Frost, it paid off for us because it is used seasonally.

According to the utility company, our home uses
between 4 and 6 KWH of electricity per day when we are
home, and less than 2 KWH when we are away. With the
data from our small system and two years of utility bills, it
became simple math to design a full-size solar and wind-
electric system to power our entire home.

Our new larger system is now
operating. A Southwest Wind-
power model H-40 (formerly
World Power Technologies H-900)
wind generator sits on top of a 75
foot (23 m) Rohn 25-G tower. Ten
Kyocera KC-120 panels are on a
fixed rack, and twenty Trojan L16P,
360 amp-hour batteries are wired
for 1,800 amp-hours at 24 volts. A
Xantrex SW4024 provides AC
electricity for the entire home.

System Design
We wanted to design a system

that could reliably produce about 7
KWH of energy per day when it is
sunny or windy. In the summer,
we generally have five sunny days
out of seven. In the fall and winter,
our windy season, we generally
have windy days averaging 16
knots (18.4 mph; 8 m/s) over 24
hours, three days out of seven.
(This data was acquired from the
National Weather Service, and
Coast Guard Station observations
at Manistee and Frankfort,
Michigan.)

We calculated the 7 KWH value
by simply taking seven days of
electricity use, or about 35 KWH

according to our utility bills, and dividing by five, the
number of days each week we expected to have a near full
day’s production from either the wind or sun. This way we
could count on two days each week with little to no
electricity being produced, and still have sufficient excess
available to power the house and replenish the batteries on
days with good wind and sun.

Our 1.2 KW solar-electric array receives eight to ten
hours of sun on clear days in the summer, producing the
equivalent of about six hours of direct noontime insolation
each day. This should theoretically produce about 7.2 KWH
on clear days, but is closer to 5 KWH per day when
conversion and PV temperature derate losses are taken into
account. Our wind generator operating at one-third its rated
power, or 300 watts for 24 hours, also would yield 7.2 KWH
of energy.

In actual operation, we’ve found that our two days per
week of cloudy or calm days were never spread evenly
throughout the month, but rather tended to cluster in
groups. This would always leave us with a week of poor
production and deeply discharged batteries at some point in
the month.

After nearly a full year of use, we found that our system
could comfortably run our home about 28 days each month.
The other two, we simply switched back to the utility, and
waited for the batteries to “catch up” again.

RE expansion

A wind generator balances 

the available energy resources.
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To help compensate for this shortcoming, we recently
added two additional panels. This increased our total solar-
electric capacity to 1.4 KW. These panels are connected to
the system via the solar input terminals included in the
Southwest Windpower EZ-Wire controller. We still have to
switch over to the utility once in a while, but those events
occur less often, and we can recover faster now.

We were discharging to 45 percent state of charge before
switching the house to the utility manually, and allowing
the wind and solar-electric systems to fully recharge the
battery bank. We still have the same policy, but we only hit
the 45 percent mark once in the last year since adding the
extra two panels and making additional energy saving
changes to the house, like timer switches on bathroom lights
and CF lights in the crawl space.

Component Selection
Selecting components for a home energy system is a

process that should occupy a significant amount of time.
There are many considerations, most
of which are not evident when you
first start designing your system. With
the experience we gained operating
our small 12 volt equipment for two
years, we were able to select
components that ultimately worked at
our site, produced the energy we
expected of them, and did not fail
prematurely or detract from the
natural beauty of our home.

Our H-40 wind generator is rated
at 900 watts at 28 mph (12.5 m/s).
Having the regulator at ground level
was desirable to us, given our track
record with the Air 303, which has the
regulator internal to the wind
generator nacelle (housing).

Adding two more solar-electric panels 

made the utility almost unnecessary.

The system components are installed neatly. Good metering helps the Ruterbusches

and housesitters keep track of system performance.

The Rohn tower is 75 feet (23 m) tall, the highest we
could go without a variance from the building department
and another community hearing on the subject. We might
one day want to add more sections, or upgrade to a larger
turbine. So the tower guy wires were spread out to allow up
to a 105 foot (32 m) tower using the same anchors. The tower
and underground wires are sized to allow an additional 30
feet (9 m) of run up a taller tower, and upgrading to a larger
turbine as well. The extra cost for the larger wiring was less
than US$100, and moving the guy wire anchors in the
original plan cost nothing, since we had not broken ground
yet.

We were originally going to use Trojan T-105 batteries,
since they give you the best short-term bang for the dollar,
and we already had them installed in our 12 volt system.
Spending less money and having interchangeable parts
made sense. Reality set in when we calculated the sheer
number of batteries, interconnects, and cells to water, and
we balked.

So we spent the extra dollars and now have twenty
Trojan L16Ps, which save on space, complexity, and have
more reliability in the end. They are wired for 1,800 amp-
hours at 24 volts DC.

The Xantrex SW4024 inverter caused us some setbacks at
first, but our new grounding configuration (see sidebar)
seemed to overcome all of our problems. We originally
wanted something simpler, a stand-alone sine wave inverter
that could provide about 3,000 watts of continuous
electricity and had a programmable low voltage cutout. At
the time, the Xantrex inverter with its myriad
programmable features was the best buy for our
requirements, even though it had features we didn’t want to
purchase or learn how to operate.

We have the DC wiring and disconnects arranged to
allow the easy addition of a second inverter. As
manufacturers continue to add additional choices, we might
purchase a competing unit one day and compare the two in
actual operation.

The Kyocera KC-120 PV panels seemed like a perfect fit
for us. We could have a 1,200 watt rated array with just ten
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Photovoltaics: Ten Kyocera KC-120, 120 W each,
wired for 1,200 W total at 24 VDC
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900 W at 28 mph
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Inverter: Xantrex SW4024,
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modules. This made wiring and installation simple. The KC-
120 has a very easy-to-use junction box mounted on the
back, with bypass diodes already installed on the terminal
strip inside. They even come with weathertight strain reliefs
that fit into the knockouts on the box. Once you purchase
your interconnect wires, everything almost snaps together.

The Xantrex C60 is a good charge controller. With the
optional digital readout, even our neighbors enjoy coming
over when we are away to fill in our log sheets in the control
room. About once a month, when we get low wind and sun
for a few days, we switch the house to utility electricity and
activate the C60 equalization mode. The solar-electric array
then runs full available current to the batteries, for several
days if need be, until the batteries are equalized. The
equalization feature is easy for anyone to operate.

We also installed a TriMetric meter to keep track of our
battery state of charge. Although a bit complicated to

System Overview
System type: PV/wind hybrid standalone with utility
backup

Location: Elberta, Michigan

Production: 175 AC KWH per month average

Percentage offset by PV system: 97 percent

System performance metering: Bogart Engineering
TriMetric monitors battery SOC; Xantrex C60 digital
amp-hour totalizer monitors PV array; Omron digital
amp-hour counter monitors wind generator amp-hours

Photovoltaics
Manufacturer and model: Kyocera KC-120

Number of modules: 12

Module STC wattage: 120 W

Module nominal voltage: 12 V

Array STC wattage: 1,440 W total

Array nominal voltage: 24 VDC

Array installations: Main array—10 modules roof-
mounted with aluminum L-brackets on a south-facing
carport roof at 51 degrees tilt; supplementary array—2
modules on homemade manual tracker

Array combiner box: Square D weatherproof junction
box

Array disconnect: GE general duty safety switch, 2-
pole, 30 amps, 240 V, AC or DC

Charge controller: Xantrex C60 with digital metering
option, PWM

Wind Turbine
Manufacturer and model: Southwest Windpower H-40

Rotor diameter: 7 feet (2.5 meters)

Twenty L16P batteries store the energy for use during extended

periods without much sun or wind.

Technical Specifications
Average KWH/month at 12 mph: 100

Peak KW rating and windspeed: 900 W at 28 mph (12.5
m/s)

Charge controller: Southwest Windpower EZ-Wire
control center

Tower: Rohn 25-G

Tower type: fixed, guyed lattice

Tower height: 75 feet

Inverter
Manufacturer and model: Xantrex SW4024

Nominal DC input voltage: 24 VDC

Nominal AC output voltage: 120 VAC

Battery
Manufacturer and model:Trojan L16P

Battery type: flooded, lead-acid

Individual battery specifications: 6 VDC nominal, 360
AH at the 20 hr. rate

Number of batteries: 20

Battery pack specifications: 24 VDC nominal, 1,800 AH

Main DC disconnect: Xantrex DC-250

Lightning Protection
Surge arrestors: Six total; five Delta 302-R, a 2-hot wire
model, with an additional single ground wire and one
Delta 303-R; a 3-hot wire arrestor with one ground. The
three-wire model is installed at the base of the tower to
catch all three legs of the wind generator output. The
two-wire models are located at the two incoming solar
array lines, the breaker box in the garage, the breaker
box in the house, and the utility box in our shed.



Keeping Track
Our system has been operating for a little more than two

years now, and for the most part, it needs very little
attention. Our batteries need water about once each season,
and aside from occasional breakdowns (see sidebar), all we
do is keep track of energy production and battery levels
about once a day, and forget about it.

We have included highlights from our log sheets over
the last seven months. We rarely make what we expected on
each sunny day throughout the course of the summer. There

are two main reasons for this.
First, while our solar-electric array

is capable of producing 5 KWH on a
good day, because days like that tend
to come in clusters, the batteries tend
to fill up, and the C60 tapers off the
charge in the afternoon. This renders
some of the available solar electricity
useless, and we can’t get it back a
week later when we need it. So on
cloudy days, we can’t make full
production, and on clear days, we
can’t store it. At the end of any given
month, some of our solar energy is
wasted.
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program, it has worked out very nicely for us because its
one-button operation allows simple access to the three main
functions—a digital readout of volts, net charge and
discharge amps, and percent state of charge. Once again, our
neighbors are happy to get this information for us when we
are away, and leave the more complicated features for me to
operate. It has worked flawlessly for two years now.

Wind Installation
Our large system installation was done in two phases.

First we installed the tower, H-40 wind generator, batteries,
and inverter. The wind system went in first because we had
been awarded a grant from the Michigan Department of
Energy (DOE), covering about 25 percent of the cost of the
wind generator and batteries.

We had to make a deadline and stay on a fairly tight
budget, so we left the entire solar-electric array for the
following spring. Initially, only sixteen batteries were
installed to save on time and budget; the other four were
added nine months later. The wind generator, batteries, and
inverter were running by May 30, 2000. We passed our
electrical inspection a few days later.

PV Installation
When spring came, we learned that we had been

awarded another grant from the Michigan DOE. This paid
about half the cost of the panels. Again we had a budget and
a deadline to make, and we immediately installed the entire
1.2 KW solar-electric array on a fixed rack on the garage
roof.

The rack was fashioned from aluminum L-brackets and
stainless hardware. It was actually mounted on top of a
carport that was added to the south wall of our garage the
previous fall in preparation for the solar-electric array. We
preferred to mount our solar-electric modules on top of a
porch or carport roof to eliminate the possibility of a leaky
roof over a finished space inside our home.

John Heiss of Northwoods Alternative Energy and I
built and installed the entire array in two days. It worked
perfectly the day we threw the switch on, and it still works
the same way today. The only attention I’ve had to give to
the array in two years is trimming the trees to the south of
our garage.

SW Windpower H-40 wind generator

Item Cost (US$)

12 Kyocera KC-120 panels $6,250

20 Trojan L16P 360 AH batteries 3,000

Xantrex SW4024 inverter 2,400

1,500

Used Rohn 25-G, 75 foot tower 1,400

Underground wiring 475

Panel racks 265

Xantrex C60 charge controller 240

TriMetric meter 160

Xantrex DC-250 disconnect 150

6 Surge arrestors 120

Misc. grounding rods & hardware 110

AC circuit panel & breakers 94

Misc. hardware 85

Battery wiring 80

Lumber 50

Misc. wiring 45

Battery room lighting 44

Total System Value $16,468

Solar grant (credit) -3,600

Wind grant (credit) -878

Bottom Line $11,990
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May 31 3.2 99.4 26th 5.0 1.7 53.1 4.9

June 30 3.4 101.8 18th 5.2 1.6 46.9 5.0

July 31 5.0 153.6 14th 6.0 0.9 27.6 5.8

August 31 4.2 129.0 11th 6.1 1.1 34.9 5.3

September 30 2.7 82.3 26th 4.4 1.6 47.7 4.3

October 31 1.8 57.2 14th 4.3 2.2 69.4 4.1

November 30 1.3 39.6 17th 2.8 2.8 84.6 4.1

Best Solar

Date – KWH

Solar Wind
KWH

Total

Performance Log Highlights

System Costs
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Second, in the interest of wind generator longevity, we

tend to switch off the machine on clear days if the batteries
are nearly full. This avoids some of the wear and tear on our
wind generator and tower on days when we don’t need the
extra 50 to 100 amp-hours. It also shows up at the end of the
month as a shortcoming, since our amp-hour meter only
knows how much energy the wind generator produced, not
what was available.

By the time 30 days have come and gone, our system
only produces about 175 usable KWH, instead of the 220 or
so the equipment is capable of. Then we need to borrow
another 20 from the utility. Our system and usage is
probably a good argument for utility intertie if there ever
was one, but we are not going there right now. The utility
requires additional equipment to sell back, but so far we
can’t find anyone to tell us exactly what it is. They buy back
at the wholesale rate, which we’re told is about one quarter
the amount we are paying them. And with the problems we
have had with lightning/static damage to the inverter, we
have been reluctant to hook our inverter to the utility grid.

97 Percent
We learned a great deal in the course of the last four

years. Our biggest lesson was that you can never fully
research a project like this. You have to gather all the
information you can, and at some point start putting things
together. This is why building the small system first made so
much sense. Our original plan for a household-sized energy
system was so much different five years ago than the one we
have today. This is mainly because we learned so much
trying to get our small system working properly.

Using renewable energy to power your home requires
more than just hardware. You have to make some lifestyle
changes as well. Doing laundry on a sunny afternoon rather
than at night reduces wear on your batteries, and showering
in the morning makes less use of your solar water heater
than showering at night. We’ve found that with just a few
habit changes, we can squeeze about 97 percent of our
home’s energy needs out of what we have now. That’s not
bad—next year we’re shooting for 98.

Access
Rudy and Jill Ruterbusch, PO Box 195, Elberta, MI 49628 •
231-352-7839 • windycabin@aol.com

John Heiss, Northwoods Energy Alternatives, PO Box 288,
Lake Leelanau, MI 49653 • 231-256-8868

Inverter vs. Lightning
For the most part, very few changes or additions
occurred in our first summer with the big system,
but there were some setbacks. First, our original
inverter arrived damaged in the box. Sending it
back cost us several weeks’ delay. Then, nine days
after we passed inspection, the replacement
inverter died one night while I was away. So we
sent it back to be repaired. Two months after
reinstalling the inverter, it died again one night
while it wasn’t even operating. Xantrex installed a
second replacement control board, and sent us a
bill for US$575 for repair work and shipping.

Xantrex claimed that lightning hit our system
twice that summer, but nothing else on the
property was damaged. Most of the installers I
have talked to say the Xantrex SW4024 is very
susceptible to static discharges, and any radio
engineer you talk to will tell you that a sandy soil
is horrible for dissipating static buildup, like from
a tower standing up in the wind all day.

It seemed like something needed to be done. We
consulted with our wiring inspector, our installer,
Xantrex, and a retired radio tower engineer who
lives in the area. We decided to install a grounding
block inside our DC-250 disconnect box that was
attached to the side of the inverter, and bond AC
neutral, DC negative, and chassis ground to it. We
then ran a #4 (21 mm2) bare copper wire from the
block to the head of our steel well casing, and
have had no problems since then.

We learned that the three most important things
to remember when hooking up a Xantrex inverter
are, “grounding, grounding, and grounding.” It
has been eighteen months, and the inverter is still
working fine.

I concluded that the real problem at our site is not
lightning strikes, but static buildup. The control
board in a Xantrex sine wave inverter is
apparently very sensitive to static discharges, and
you need a ground location with more absorption
ability than an 8 foot (2.4 m) ground rod stuck in
the dirt. This makes a more attractive path for
small discharges that may be building up in your
system, before they have a chance to discharge
across sensitive components in the control board.
It’s much like a large heat sink is used to protect
semiconductors from overheating.

We have also installed an array of surge arrestors
around the property. The following summer when
our solar-electric array took a direct hit during a
thunderstorm, the only damage was the C60
charge controller. It was also the only piece of
equipment that didn’t have an arrestor directly
attached to it. It has one now.




