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FIRST OF ITS KIND OFF-GRID HOME SOLAR HEATING SYSTEM
Local Firm Reduces Winter Heating Costs with NextGen Solar Heating

When Steve McGrail approached Bay State Energy, Inc. he posed an interesting question;: “Can
| heat my off-grid vacation home in Maine using sol  ar energy?” As an existing customer with
both a solar domestic hot water system and a solar swimming pool heater at his home on Cape
Cod, Steve knew that if anyone could help it would be Bay State Energy.

Steve explained that the primary requirement was to keep the basement of his vacation retreat on
Moosehead Lake from freezing. “We are running 2 vent-less propane heaters to keep the
basement temperature above freezing. But we have had a problem keeping the pilot lights lit,”
Steve explained. “There is a danger the basement could freeze if both heaters fail. The propane
heaters also cost a lot to operate.” The vacation home is over an hour away from the nearest
paved road and fuel deliveries are difficult.

The home has a relatively new concrete foundation. Underneath the house is a very high ground
water table; high enough that without heat, the foundation and slab floor could easily freeze,
crack and buckle. All of the water pipes are drained for the winter, so heating to prevent frozen
water pipes was not a concern.

Getting propane delivered to a rural
off-road location is expensive. To
complicate matters, there is no
electrical power, rendering typical
110VAC differential solar controllers
useless. A solar hot water system
would not be able to utilize common
solar controllers, zone control
valves, temperature sensors,
circulator pumps, etc. During a solar
site survey it was determined that
the site had good solar exposure
even during the winter months, and
that the southerly roof geometry of a
tool shed was well suited for a solar
heating application. The shed is 20
feet from the house was chosen as
the best location to install the solar
panels.

The primary purpose of the system is to get as many BTUs into the basement as possible when
the house is unattended. Every BTU supplied by the solar array is one less BTU supplied by the
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propane heaters and reduces the annual operating cost of Steve’s vacation hideaway. Even
during the summer, heating the damp basement keeps mold and mildew at bay and keeps things
snug and dry when no one is there. A heat dump in the shed was included in the design to
dissipate excess solar energy during the summer months. This lengthens the service life of the
system’s antifreeze. It also avoids heating the basement when heat is not needed. In the winter,
operating the heat dump for a few hours can help melt snow from skimobiles stored in the shed
and even help to warm them up — making them easier to start in northern Maine’s cold winter
weather. The location mandates a closed loop, pressurized, propylene glycol solar design.

Steve also wanted the option of heating his domestic hot water tank in the basement with the
solar system.

The design includes an array of 4
Alternate Energy Technology
MSC-32 solar collectors, mounted
on a nearby storage shed roof.
The MSC-32’s are excellent in
high wind and heavy snow load
conditions. They are a top of the
line solar panel - very rugged,
resistant to acid rain and
corrosion, and offer a 30 year
design life. The 4x8 foot model
also offers a slightly reduced wind
load profile that is within the
shed’s structural roof capacity.
The shed roof was reinforced with
collar ties and wood blocking to increase its weight and wind load capabilities.

Inside the shed, 2 DC powered solar pumps (#809-BR 12VDC March Mfg.) were included in the
design, along with the heat dump. The pumps are powered by dual UniSolar 20 Watt 12VDC

: solar panels mounted to one
side of the solar array. The
circulator pumps and the PV
panels are operated in parallel
and are connected to the
pumps via an ON/OFF switch
and a Honeywell Aquastat.

Also in the shed are a pressure
gauge, a flowmeter, and a
balancing valve. The gauges
provide crucial information
about the performance and
health of the system, and the
balancing valve provides
precise control of the fluid flow

"#O$ %# rate. The pumps, flow meter,

and pressure gauge are

installed on the cooler feedline side of the solar loop to minimize conductive heat loss.

The heat dump is enabled by manually operating 2 ball valves. One valve opens the path to the
heat dump, and the other closes the line feeding hot glycol to the main house. The heat dump is
made of parallel 8’ Slant Fin radiators. It has no temperature limit and will simply dissipate as
many BTUs as possible. This extends the service life of the glycol. Dow Chemical’'s DowFrost
HD was selected for this application because of its high temperature (+325F continuous duty)
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rating. The glycol is pressurized to 62 PSI to raise the fluid vapor pressure to prevent boiling,
even during worst case stagnation conditions.

When the heat dump is enabled, the hot glycol is simply shunted through the slant fin radiators in
the shed. The cooled fluid is fed back into the solar feed line just below the pumps, where it is re-
circulated up to the panels. The feedline also has an expansion tank, pressurized to prevent
bladder fatigue.

When the heat dump is off, hot solar fluid is circulated through underground PEX pipes into the
basement. As the solar loop exits the shed the pipe system transitions from 1.0” copper pipe to
1.0” PEX radiant heat tubing. All

pipes are heavily insulated, including

the copper and PEX sections.

Because of the length of the solar

loop pipes, 1.0” pipe was used

throughout to minimize the pressure

loss of the system. Small 12 Volt

DC circulator pumps are not

designed to operate into a high head

load.

Using PEX in this application is

perfectly safe as the solar loop is

inhibited from operating at %

temperatures in excess of 180F,

and using PEX eliminates the possibility of pipe corrosion on the underground pipe run. The loop
runs about 20 feet underground in a protective, insulated conduit to the house, through the sill
and directly into the basement.

The Honeywell Aquastat is wired into the PV power line in the shed, and will disconnect power to
the circulator pumps if the glycol temperature exceeds 180F. This protects the PEX from
overheating.

In the basement, the solar loop
feeds 4 parallel rows of baseboard
radiators. Each row has 3 Slantfin
8 ft. radiators in series, for a total
of 96 linear feet of radiating
surface. The rows are flow
balanced so that equal GPMs of
glycol flow through each radiator.
No heat exchanger or storage tank
is required. The heated propylene
glycol antifreeze solution is
circulated directly from the solar
panels through all of the
baseboard radiators.

The radiators operate continuously
as long as the sun is out and the
DC pumps are circulating the
antifreeze. Measured
temperatures with just 2 rows of
radiators near the equinox on a hazy (less than clear sun) day were 144F at the radiator inlet,
and 132F at the radiator outlet — plenty of heat t o keep the basement from freezing. The 2
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additional rows put more BTUs into the structure, and allow the solar panels to operate more
efficiently, so that they capture even more heat energy.

The radiators indeed make the basement plenty hot. Since the goal is to deposit as many BTUs
as possible into the building envelope when no one is there, it's OK if the air temperatures
sometimes exceed normal “comfort” levels. For conventional heating, a thermostat could have
been installed to prevent excessively uncomfortable temperatures in the basement.

Also in the basement is another pair of manual ball valves that can optionally shunt the glycol
through a standalone fluid heat exchanger. On the other side of the heat exchanger is a fresh
water circulator loop, powered by another 12VDC panel and a Liang 12Volt pump. This pump
circulates water from a 40 gallon domestic hot water tank to provide domestic hot water heating.
This separate heat exchanger is used to make hot water while Steve is on location. This part of
the solar loop also has an Aquastat to shut the hot water circulator pump off at 170F to prevent
overheating the domestic hot water tank.

We have yet to go through the first winter season, replete with 6 foot snows, howling winds, -30F
ambient temperatures, and other extremes, but the measurements to date and extensive
computer modeling suggest that the propane fuel costs will be cut in half by this innovative solar
system. “It's exciting to think that we can be this far away and be harvesting a lot of solar heat
energy during the winter and use it to keep the place warm,” said owner Steve McGrail.

For New Englanders, this exciting new design allows reduced operating costs of rural vacation
properties that can’t be permitted to freeze in the winter.

About Bay State Energy

Bay State Energy, Inc. is headquartered in Worcester Massachusetts. The company offers an

expanding portfolio of renewable energy products and services for the home. The company can
be contacted toll free at 888-446-2234, or at http://www.BayStateEnergy.com/.
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