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No Power?  No Problem!No Power?  No Problem!
Solar • Microhydro • Wind Power • Water Pumping • Remote Communications

We do it all and we do it right!

There is more to a working renewable energy system than a cheap deal on a pile
of hardware.While other companies may seem to be cheaper, none are better at
building the right, and most cost-effective, RE system for you.

Electron Connection offers: load analysis, site survey, system design, sales,
installation, user training, and tech support long after the warranties expire.We
live on renewable energy, have over 17 years of experience, and have
established over 300 systems.We specialize in NEC® compliant, safe systems
that will make your Electrical Inspector smile!

Complete service including installation: We have done systems from
Ketchikan, Alaska to Baja California.We have a network of qualified, competent
Electron Connection associates across the country. If you need installation or
design assistance we will refer you to one in your area.We do it all and do it right
the first time!

Equipment via mail order: We offer reasonable deals and technical reality
checks.Why settle for a packaged system when you can have yours custom
designed by the experts?

Dealers / Installers: Why talk to a “technician” when you can talk to an
electrician? We spend half our time in the field installing the equipment we sell
you.We KNOW how the systems work and offer technical support, system
design assistance, prompt shipment, fair pricing, and NO BULL. Local Referrals.
Electrical competence is required.Write today for your dealer application.

SIEMENS

Electron Connection
PO Box 203,
Hornbrook, CA  96044 USA
Voice • Fax: 530-475-3401
E-mail:
econnect@snowcrest.net
Web Page:
www.electronconnection.com
CA Electrical Lic #613554 

• Photovoltaics —Siemens - BP -Solarex
• High-Quality Batteries —Trojan - GNB
• Power Inverters — Trace - Exeltech
• Instrumentation — Cruising - Fluke - Wavetek
• Charge Controls — Heliotrope - Trace
• Trackers & PV Mounts — WattSun -

Zomeworks - Direct Power
• Microhydro Electric Powerplants — ES&D -

Harris Hydro - Lil Otto Hydroworks!
• Wind Generators — World Power Tech -

Southwest Windpower
• Pumps — Dankoff Solar - Solarjack - SHURflo 
• Water Heaters — Myson – Aquastar
• Efficient Lighting — Phillips - Osram - S&H
• Safety Gear — APT - Heinemann - Cutler &

Hammer - Square D Products
• Radiotelephones

Cruising
Equipment

Authorized Distributor

1-800-945-7587

SUN
FROST



I n d e p e n d e n t.  C l e a n.  F o c u s e d.

w w w. a s t r o p o w e r. c o m

We’re part of the solution.

AstroPower is the world’s leading independent PV company.

We are supported by shareholders who believe in the 

future of solar power, not by fossil fuel or nuclear power

interests. This allows us to remain focused exclusively 

on one objective– producing better solar 

electric power products for our customers.

When selecting a PV supplier, consider not only the 

products, but also the company behind the products.

Make your choice count. 

Choose AstroPower.

AstroPower is not part of the machine…
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ff the grid and can’t power the
pumps and controls for a heating
system? Yes, you can. The

answer is DC hydronic heating—a
natural extension of using the sun’s
energy in your energy-conscious home.
One of the most overlooked aspects of solar energy is
hydronic heating, which you might have heard called
radiant floor heating. The concept is simple, and a must
for any solar-powered home. Hydronic heating works by
circulating heated water through or under your floors.
This can be easily integrated into the construction of a
new home, or installed in an existing home. Many
systems can be installed by the homeowner. Add solar
hot water panels, and the sun will help you heat your
home.

Forced-air heat is often not suitable for off-grid homes
because the power consumption is far too high. And
conventional radiant floor heating systems are generally
not suitable because of the large amounts of electricity
the pumps guzzle. The answer is low voltage DC
pumps.

There are other advantages to these systems for
homes on and off the grid. Top among them is the
reduction in dust and dry skin, which are problems
caused by forced-air heating systems. Also, an efficient
system can use up to 40 percent less fuel, according to
the National Energy Association. And you just can’t beat
a cool evening spent watching TV lying on the warm
floor under a blanket, or stepping out of the shower
onto a heated floor.

Rod Hyatt
©2000 Rod Hyatt

The Edisons’ 800 square foot (74 m2) studio is made of straw bales that have been stuccoed.
Like the main house, the studio is solar-hydronically heated.

The straw bale studio in progress.
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We’ve heated our basement with radiant floor heat for
several years now. Not only does it make our bottom-
floor family room and office comfortable, but it reduces
the need for heating on our main floor.

As a designer of low-voltage DC hydronic floor heating
systems, I’ve worked with people in all walks of life.
They come to me with a variety of budgets, whether
building their dream home or restoring a 30 year old
monstrosity (like mine!). Hydronic heating can be used
in nearly all homes. Outside, it can even be used to
thaw icy driveways.

Three Main Uses
I’ve found that there are three main applications for
hydronic heating systems. First is new construction. At
this stage, the heating system can be custom designed
for your house.

Second is retrofitting existing homes. This can be an
easy or difficult undertaking, depending on the style of
the home. The homes best suited for this have crawl
spaces or unfinished basements. We’ve found that the

cost of these systems can be comparable to forced-air
heating. So it becomes a viable option for a city or
suburban home that depends on the local electrical
utility.

Third is retrofitting a hydronic heating system into an
existing solar-powered home. Often, a conventional
hydronic heating system uses too much energy to
operate on a solar-electric system. However, DC-
powered pumps—and the fact that many AC
components aren’t needed—can bring a hydronic
heating system within the power boundaries of an
independently powered home.

Recommended Pump
Hydronic systems can be designed with very low power
requirements. In the systems I’ve designed, the heart of
the system is the El-SID (static impeller drive) pump
manufactured by Ivan Labs of Jupiter, Florida. These
pump motors, which come in 3.5, 5, and 10 watt sizes,

When it’s finished, this 4,800 square foot (445 m2) straw bale structure will be the Edisons’ dream home.

Floor covering

PEX loop

Joist

Subfloor

Foil faced insulation (foil side up) Three inches air space

Hydronic Loops Under a Wood-Framed Floor 

Floor covering
Concrete

Weld wire

Sand base

Foam board

PEX tubing

Hydronic Loops In a Slab Floor 
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have no moving parts. The pump has an inductive
magnetic drive that magnetically spins the propeller in
the pump. Because there are no seals or moving parts
in the motor, it has an extremely long life and makes no
noise. These DC-powered, low-voltage pumps can be
operated directly from your home’s thermostat. No
other controls are needed.

Normally, an inverter is required to
change battery (DC) power to AC
home power. With this DC system,
the inverter does not have to be
sized to run the heating system. As
a result, it works well as an addition
to systems that don’t have inverters.
Or if you have an inverter, you won’t
have to upgrade to a larger inverter.
Because it’s a DC system, it can
operate directly from your batteries.
In a grid-powered home, a simple
AC/DC wall cube makes a great
power source for these pumps.

Each 10 watt pump has the capacity
to circulate hot water through 600
feet (180 m) of half inch (13 mm)
tubing. I recommend PEX (cross-
linked polyethylene) tubing. PEX is
fast becoming an industry standard
because of its successful track
record in Europe.

The size of the system depends, of
course, on your climate and the size
and type of your home. The entire
operating system for most homes
consists of a DC power source, as
well as a number of 10 watt El-SID
pumps turned on and off directly by
a thermostat. The pump and
thermostats are the only moving and
electrical parts in the entire system.

Sizing Your System
Here’s how to figure what you will
need for your home in an average
climate. Consideration of your
climate and BTU heat loss
calculation could increase or
decrease these figures. These are
approximate examples only.

First, figure out how much tubing
your home will need. A good formula
is 125 percent of the square footage
of the floor area you want to heat. A
1,200 square foot (110 m2) home,
for instance, would need 1,500 lineal

feet (460 m) of tubing. PEX tubing is best used in
lengths of 250 feet (75 m). In these low temperature
systems (they generally run at temperatures of
100–120°F; 38–49°C), heat duration peaks at 250 feet.
So by the time the water’s gone much more than 300
feet (90 m), it has expended its heat.

The Edisons’ home, waiting for concrete to be poured.
PEX tubing is tied to the weld wire to hold it in place during the pour.

By stamping and staining the concrete, the Edisons have eliminated the need
for any floor covering.You’d never know there were heating tubes underneath.
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A single El-SID pump will support two loops of 250 feet
each. For example, a 1,200 square foot home will need
1,500 feet of PEX, and will require a total of three
pumps and six 250 foot loops.

Tubing & Insulation
During construction of a home, the tubing can be
installed directly in an insulated concrete slab floor. An
insulated slab is a concrete floor that usually has about
2 inches (5 cm) of rigid foam board under it, and a
thermal break around the edges. Often, we put 2 inch
foam board right down on a prepared dirt or sand bed.

I often use 6 by 6 inch (15 x 15 cm) weld wire to meet
the metal requirements of the floor. This works well in
hydronic systems, since the weld wire makes an
excellent structure to attach the PEX tubing to.

A well insulated home in an average climate will require
the tubing runs to be spaced about 10 inches (25 cm)
apart. After the tubing has been fastened to the weld
wire, the standard concrete floor is finished right over
the tubing. Concrete depth is usually 4 inches (10 cm),
with the tubing laid approximately in the center of the
slab’s depth. You have several options as to what
pattern to run the tubing (see diagrams below).

For standard wood-framed floors, the tubing can be
tacked right to the underside of the floor between the
floor joists or TGIs. Generally, two runs (one loop) of
PEX tubing are attached to the underside of the floor
between each floor joist. Once the PEX is installed,
insulate the cavity with a foil-faced insulation.

Serpentine Double serpentine Overlapping serpentine

Single spiral Double spiral
(variable density)

Split double spiral

Suggested Loop Patterns

A tangle of tubes come together at the location of the
future manifold in the main house.

Face the foil up, leaving a 3 inch
(7.6 cm) air space between the top
insulation foil and the underside of
the floor. This works to reflect the
heat back up through the floor. The
PEX tubing should not touch the
insulation. It’s not necessary that the
PEX be in direct contact everywhere
on the underside of the floor; part of
the heat transfer takes place by
heating this 3 inch air cavity.

Concrete is most often used for
radiant heating systems, especially
in construction in the United States,
and a layer is often poured right over
wood floors. Its value is in its ability
to retain warmth, although it does
have a slow reaction time. On the
other hand, the response time of
radiant systems placed under wood
floors is much faster.
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And because wood floors are on main and upper levels
where the sun shines and heating needs change more
often, the quicker response is a benefit. (A concrete
mass works great in the basement where you want a
slow, even heat.) Combine the quicker reaction time
with the relative simplicity of installation and the cost
savings, and the benefits of installing a system right
under an existing floor can even out with those offered
in a concrete-poured system.

Building the Manifold
The next step is the creation of a simple manifold. A
manifold is a feed and return junction that delivers an
even flow of warm water to and from the floor loops.
They are often built out of 1-1/4 or 1-1/2 inch copper
tube fittings. They can be custom built to accommodate
the pumps and connect all the feed and returns of the
PEX loops. Each pump (with two loops) can be
operated as one zone.

We like to use an injection loop and pump. This is a
wonderful way to turn your passive solar-heated rooms
into giant solar collectors. For example, consider a two-
story home with large south-facing windows on the
main floor. The sun shines on the floor all day long. The
warm water from the sun-heated floor will circulate to
the cooler places and basement.

The injection loop pump will not inject heat into the
system until the system’s temperature drops to a
particular setpoint. With the sun shining and warming
this portion of floor, it may supply enough heat to
maintain the temperature of the entire house (see
manifold photo with injection loop).

The injection pump consists of an El-SID pump that’s
similar to a zone pump, but has a built-in controller.
There are also two sensors. One is placed on the
manifold just below the injection-loop blend point,
where it monitors the system’s temperature and
determines when to turn the pump on and off. The other
is placed outside, usually under the north eave of the
home. It monitors the outside temperature, giving the

An example of a DC manifold with three zones.

Tubes gathered and ready for a manifold.

Out to floor

In from floor

El-SID pumps
(two loops each)

Expansion Tank

From heat
exchanger

Blend point sensor
Injection loop

Pressure
gauge

To heat
exchanger

Shut off valve

Temperature gauges

Static impeller drive (SID) pumps from Ivan Labs are the
secret to the low wattage of the studio’s 

hydronic radiant-floor system.
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indoor system a heads-up of outdoor temperature
changes, like those caused by the rising sun. This
system of injection pump and sensors is often called an
outside reset.

The manifold is relatively easy to construct, but can be
time consuming. Often we build the manifolds for the
customer’s particular home. When the manifold is
complete, we attach the PEX loops to the manifold and
hook up the heat source. Voila! Warm, clean, quiet
heat.

Where to Find Heat
Heat can be supplied by a direct gas-fired boiler. A tank
with a heat exchanger can heat the home, as well as
supply all the domestic hot water you need. Hot water
solar panels are an excellent asset for this system, and
can supply heat for both the home and for domestic
water. Another option for a heat source is a wood/coal-
fired boiler. Some systems, like the one I use in my own
home, use all three. The heating system can be
installed by homeowners who have basic plumbing
skills.

Avoid Cast Iron
When plumbing and heating contractors install radiant
floor heating systems, they have a difficult time not
using cast iron boilers and pumps. However, cast iron is
thick and heavy, and it rusts as it ages. Yes, you can
purchase more expensive specialty components (like
oxygen-barrier tubing) to slow this process. But the cast
iron will still decay and send all that rust through your
heating system.

Can you imagine all that gunk and abrasive rust
circulating through your pumps, valves, and tanks? The
goal is to install a clean radiant heating system that will
last forever. The best choices are stainless steel,
copper, PEX, and brass.

Boilers are most often cast iron, but I prefer boilers that
are made of nonferrous metals. Cast iron boilers were
once the only choice. But copper and stainless steel
boilers are becoming more readily available. Their
efficiency ratings range from 80 to 98 percent.

Radiant Heating in the Rockies
Last spring, I was contacted by Richard and Maura
Edison, a young professional couple in Boulder,
Colorado. They asked me to design a solar hot water
and radiant floor heating system for their new 4,800
square foot (445 m2) home and 800 square foot (74 m2)
studio, which are both straw bale. They started their
dream years ago by purchasing 100 beautiful acres in
southern Colorado, west of Pueblo.

Maura Edison came up with the floor plan of the home
and studio. The heart of the power system would be a

Trace PP 5548D double inverter power panel, with a
dedicated, battery-direct 1,000 watt 48 volt Exeltech
inverter to run their finest electronics.

The Edisons had studied up on all the solar hot water
panels available, and had come to the fast conclusion
that the best on the market was produced by
Thermomax. After working with a number of systems, I
have also found Thermomax to be the highest
producing and best quality product on the market. The
evacuated heat tube technology has the highest heat
collecting abilities per square foot of any system on the
market. Each collector is 80 by 87 inches (203 x 221
cm), and contains 30 tubes.

Edison Studio Heating System Costs
Cost

# Component (US$)
1 Aquastar 125LPL recirculating boiler $695

1,000 feet 1/2 inch PEX tubing 480
2 El-SID 10B pump, 12 V 10 W 378
1 March 809-BR-HS-12 pump, 12 V 40 W 239
1 15 gallon insulated water tank 129
1 Amtrol expansion tank, with liner 95
1 Mixing valve for domestic hot water 95

12 1-1/4 x 3/4 x 1-1/4 inch copper tee* 84
1 Crimping tool 50
1 Honeywell Aquastat (submersible 49

 thermostat)
2 Check valves, swing type* 42
1 Thermostat 39
2 Temperature gauge 38
4 3/4 inch ball valves, full-port* 28

10 3/4 inch sweat to 1/2 inch female thread* 20
2 Air purge with key* 20

5 feet of 1-1/4 inch tubing* 20
1 Pressure gauge 13
2 1-1/4 inch copper street elbow* 10
8 1/2 inch Pex to 3/4 inch sweat/barb* 8
4 1/2 inch street elbow* 8
1 Filling spigot* 8
2 1/2 x 3/4 x 1/2 inch tee* 6
2 1-1/4 inch to 1/2 inch reducer* 6
2 1/2 inch female sweat to threaded* 4

Engineering 0
Tech support 0

Total $2,564

*Manifold components
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Finding the space to place the eight Thermomax panels
on the roof was not a problem at all. And because each
Thermomax panel only holds about 1 liter (about a
quart) of water, there was no concern about weight in
the roof design.

The system design called for the heat to be sent to a
120 gallon (450 l) storage tank via an internal heat
exchanger. The heat would then be dispensed to the
different floor zones as it was called for. The Edisons
have not decided where they will send the excess heat
available in the summertime. I suggested a large hot
tub or pool.

Paul Huber at EcoStruct was contracted to build this
home and studio. After he took on the job, Paul called
me to fax the floor plans. My fax machine spit out seven
pieces of paper, each a different segment of the house
and studio. It took me an hour to tape all the pieces
together to make a floor plan.

It was the most ingenious floor plan I had ever seen.
The exterior walls had a total of 28 corners. I was
getting dizzy just thinking of stacking the bales up on
such a labyrinth. I could see that it would take an
extremely talented builder to complete such a wonder.
There was no doubt that the result would be a fantastic
beauty, as you can see in the photo of the nearly
completed studio.

The hydronic heating system for the studio has a very
simple one-zone, one-thermostat operation that will
also provide domestic hot water. The power demands
are so low that very little consideration needs to be
taken in sizing the home’s power system. Because it is
all DC, an inverter has no part in this plan.

There have been many studies on straw bale wall
construction and its insulation value. One University of
California study estimated that a standard 18 inch (46
cm) wide straw or rice bale equals R-26. Research by
Joe McCabe at the University of Arizona with the same
size bale found an insulation value of R-42.8.

Because there are many variables, such as the
moisture content of the bales, it’s difficult to determine
the building’s heat loss and come up with an accurate
pump run time. I estimated that the pumps will run for
an average of six hours in each 24 hour day. That
would give a total power load of 390 watt-hours per day.
You can burn up more power watching TV than it takes
to run this heating system.

The home will have a much larger and somewhat more
complex heating system. But the point is, you don’t
need a lot of power to support it, and you can have a
wonderfully heated home using renewable energy.

Comfortable Radiant Heat
With a well-designed DC-powered radiant floor heating
system, you can now have all the comforts with no
sacrifice. Construction costs are kept down because
there’s no sheetrocking around big air ducts. And the
price tag is not much different than that of a dust-
blowing octopus in your home. Besides, who wants all
those holes in the floors and walls anyway?

Access
Author: Rod Hyatt, In Hot Water Heat and Power, PO
Box 807, Eden, UT 84310 • Phone/Fax: 801-745-2009
ibrodn@uswest.net • www.lightheat.com

Paul Huber, EcoStruct, LLC, 1216 Horseshoe Dr.,
Pueblo, CO 81001 • Phone/Fax: 719-544-0474
ecostruct@juno.com

Dan Fieldman, Ivan Labs, 305 Circle West, Jupiter, FL
33458 • 561-747-5354 • Fax: 516-746-9760
ivandelsol@juno.com • El-SID pumps

Dr. F. Mahjouri, Thermomax Technologies, 5560 Starrett
Pl., Suite 115, Columbia, MD 21044 • 410-997-0778 
Fax: 410-997-0779 • usa@thermomax.com
www.thermomax.com

Richard and Maura Edison have a Web site about their
straw bale house: http://members.aol.com/rcedison2

Eight Thermomax panels, with thirty evacuated tubes
each, generate hot water for space heat and DHW.
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BACKWOODS SOLAR ELECTRIC SYSTEMSBACKWOODS SOLAR ELECTRIC SYSTEMS
For an Earth Restored and a World at Peace

Independent Electric Power Systems for the Remote Home — Solar Electric, Wind, Hydro

We are a family business, living with our products for over 20 years, and offer the knowledge to help you set up
your off-grid home energy system. Free Consultation. Questions are personally answered.

Our catalog includes a planning guide to help you
understand how to put your energy system
together—its applications and sizing. We offer
lower than usual prices on Solarex and
Siemens PV modules, Kohler generators,
Trace and Statpower inverters. 
We carry Sun Frost, Nova Kool,
and ConServ freezers, specialized 
appliances and lighting, and a range 
of meters and controls: Heliotrope,
SCI, Pulse, and TriMetric.

Most items in stock for immediate shipment. We accept VISA, MasterCard, American Express, and Discover

Steve & Elizabeth Willey • 1395-HP Rolling Thunder Ridge • Sandpoint, Idaho 83864
Phone: (208) 263-4290 • Fax: (208) 265-4788 • E-mail: info@backwoodssolar.com • Web: www.backwoodssolar.com

Independent Electric Power Systems for the Remote Home — Solar Electric, Wind, Hydro

Our $3 Catalog/planning guide 
is FREE to Home Power readers.
Our $3 Catalog/planning guide 
is FREE to Home Power readers.
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TThhe Southern Star in Solar
SERVING THE SOUTHERN UNITED STATES & CARRIBEAN

SOLAR CONTRACTING SINCE 1977
4,000 REFERENCES AVAILABLE

FULL SERVICE DESIGN & INSTALLATION
SITE SURVEYS / LOAD ANALYSIS / ON-SITE TECHNICAL SUPERVISION

6120 SW 13th Street  •  Gainesville, Florida  32608  •  USA •  www.ecs-solar.com

Tropical Solar Experts

Tom & Shirley  Lane...ECS Owners (352) 377-8866

MEMBER

You have invested in an alternative energy generating system.
Make sure your battery is not your weakest link. Insist on
North America’s best deep-cycle battery... Rolls.

• Dual-container construction eliminates potential leaks, stray 
current, and decreases maintenance

• Unsurpassed cycling due to the most dense active material in 
the industry

• Modular construction for easier installation
• Average life expectancy is 15 years  - Warranted for 10 years
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SURFA
CE PUMPS

SUBMERSIBLE PUMPS

Solar water pumps for every purpose
Don’t throw energy down the drain with an inefficient water pump. Dankoff Solar 
DC pumps use 1/3 to 1/2 the energy of conventional AC pumps run by inverter.

Vertical lift 
to 960 Ft. (290 m)
Pressurizing 
to 100 PSI (7 bar)
Flows to 75 GPM
(285 lpm)

Depths to 600 Ft. (180 m)
Flows to 50 GPM (200 lpm)

Call for a dealer referral
Toll-Free (888) 396-6611

(505) 473-3800
www.dankoffsolar.com

Water supply for homes, villages, 
agr iculture, parks and recreat ion, 

and more—since 1983
Also a wholesale distributer of power system components

SunRise®

TSP-1000™

AND MORE . . .

Flowlight® Booster Pump
SunCentric™ Centrifugal
Solar Force™ Piston
Solar Slowpump™

Solaram™


