
By Jeffrey R. Yago, P.E., CEM

M
ost of my past articles
described solar systems
that included a battery
or batteries to store the

collected solar energy. There are
many types of solar power systems
with battery backup that can be con-
nected to the utility grid. However,
technically speaking, a “grid-tie” sys-
tem refers to a solar power system
that transfers all of the electrical
power generated directly back into
the local utility grid and does not
have a battery bank.

Not needing a battery bank can
greatly simplify system complexity
and reduce installation costs, but by
code the system is not allowed to pro-
duce any power when the utility grid
is down, which means a grid-tie solar
system is not suitable for use as an
emergency backup power system. It

will, however, significantly reduce
your monthly utility costs, and since
there are no batteries to maintain and
periodically replace, there is almost
no maintenance involved with a grid-
tie solar system.

SSyysstteemm  ccoommppoonneennttss
A grid-tie solar photovoltaic system

consists of individual solar modules
wired together to create a solar array,
one or more inverters to convert the
solar DC power to AC grid quality
power, and associated switchgear and
wiring.

Although almost any size solar
module can be used, most grid-tie
solar inverters operate at much higher
voltages than a typical 12 to 48-volt
battery based solar power system,
which allows more solar modules to
be wired into each series “string.”
Solar modules for grid-tie systems
are usually chosen in the larger 100-

to 300-watt per
module size
range, and usu-
ally include pre-
wired weather-
proof male and
female plug
connectors as
shown in photo
#2.

This means
high voltage
solar array
wiring consists
of just “plug-
ging” the posi-
tive connector of
one module into
the negative
connector of the
next module
until they are all

connected together, with a final posi-
tive and negative connection made at
the start and end of the array string. A
word of caution is in order. Since
most grid-tie inverters will allow 16
or more individual modules to be
wired in each series string, you could
easily be dealing with voltages over
340 volts DC, and this will generate a
very large arc and very hazardous
conditions if you do not use the prop-
er components and wiring.

This grid-tie project required
mounting thirty-two 165 watt solar
modules on a raised seam metal barn
roof. Fortunately, the solar industry
now provides precut mounting sys-
tems for almost any solar module
mounting arrangement, and we found
a design that included clamping
blocks that anchored the mounting
rails directly to the raised seams of
the metal barn roof.

Photo #3 shows how these
adjustable high strength aluminum
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Photo 2: Back view of 165-watt
solar module showing preinstalled

weatherproof male and 
female connectors

Photo 1: One of two Fronius 3-kW grid-tie inverters. 
Note the DC-rated safety disconnect and all high 

voltage wiring installed in metal conduit.



mounting rails and related stainless
steel hardware were attached to this
barn roof.

Photo #4 shows the array installa-
tion beginning with the attachment of
the solar modules to the mounting
rails. Since each module just “plugs”
into the next, the array wiring is com-
pleted as each module is physically
attached to the mounting rack.

UUttiilliittyy  iinntteerrccoonnnneeccttiioonn
Since you are using the local utility

grid as your “battery,” not all electric
utilities will look kindly to sending
electric power back into their utility
lines and turning electric meter back-
wards in the process. You will need to
check with your local utility company
before installing a grid-tie solar
power system to make sure they

allow this type of intercon-
nection.

Most states that do
require their electric utili-
ties to offer net-metering
have a simple, no cost
application process. Some
utilities will require chang-
ing out your existing elec-
tric meter to allow them to
separately record your elec-
tric flows in both direc-
tions, while a few electric
utilities are still down right
hostile to anyone wanting
to back-feed power to the
grid. Older style mechani-
cal dial electric meters will
run backwards for any
reverse electrical flow and
subtract from the total
monthly reading, while
most new electronic meters
are programmed to ignore
any reverse flow. There are
currently 35 states that
allow utility interconnec-
tion or net-metering.
Although the utilities that
do allow interconnection
have different rate struc-
tures and billing arrange-
ments, most will allow a

monthly carry-forward credit balance,
which means those summer months
when you generate more power than
you use will offset purchased electri-
cal power you used later during the
winter months.

Ideally you would like to have any
solar electric power sold at the same
rate that you purchase electricity.
This is called net-metering since you
are just paying the difference between
what you use and what you produce.
However, some utilities only pay a
very low rate for the solar power they
purchase even though it is being sup-
plied during their afternoon peak load
period when their high demand gen-
eration costs are much higher.

Utilities operating in states that do
allow net-metering usually require

your system to include a manual dis-
connect switch located next to the
electric meter so they can “lock-out”
the solar power grid connection when
they are doing any maintenance on
the nearby power lines. Since utility
linemen will always earth ground and
disable any power lines before they
start working, and will most likely
not even know if you are located near
their repair location, it is doubtful
that this switch will ever be actually
used. Utilities will also require that
you provide documentation that your
inverter meets UL 1741, IEEE 929,
and NEC Art. 690 code requirements,
which ensure the inverter will auto-
matically disconnect from the utility
line anytime the grid is not energized.

Photo #6 shows our completed
5,280 watt installation on the south-
facing roof of the barn. This system
will generate almost all of the power
needs of this hay barn, which
includes a repair shop, carpentry
shop, and small office.

Although the simplicity of a grid-tie
system makes it easy for a do-it-your-
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Photo 3: Solar array mounting rails and raised
seam metal roof clamps

Photo 5: Utility required emergency
solar disconnect located next 

to utility meter

Photo 4: Start of installation of solar modules on
raised mounting rails



selfer to install, if you are not an
experienced electrician, I strongly
recommend hiring a professional due
to the very high voltages involved
with these systems. A list of profes-
sionally trained and certified solar
photovoltaic installation professionals
located in each state can be found on
the Internet under the North
American Board of Certified Energy
Practitioners, (NABCEP).

On a final note, although solar
power system costs for the same size
system will be competitive from state
to state, different utility rates, local
tax credits, and state rebate or buy-
down programs offered in some states
and not others can make this either a
really good investment or a very poor
one. Be sure to find out what utility

rates and incentive programs are
available in your area before making
your final purchasing decision.

(Jeff Yago’s latest text titled, Achieving
Energy Independence - One Step At A Time,
provides a very good introduction to off-grid
living and battery based power systems. It is
available from Backwoods Home Magazine’s
Bookstore (page 95) or by calling 804-457-
9566.) ∆∆
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Useful references
NABCEP Certified Solar

Installers:
www.nabcep.org

List of states allowing inter-
connection:

www.dsireusa.org

Fronius grid-tie inverters:
www.fronius.com

Solar mounting rail systems:
www.directpower.com

Only $12. 95

Special!!!
Subscribe or renew using this coupon 

and we’ll send you this 
information-packed CD-ROM 

FREE!!!

It contains 143 articles 
pertaining to all forms of energy:

solar, wind, hydro, thermal, and generator.

wwwwww.homeenerg.homeenergyy.inf.infoo
1-800-835-24181-800-835-2418

Get the BHM Alternative
Energy CD-ROM

Hurry!
Offer good until 

Sept. 1, 2005.

This coupon is good for a free copy of the Alternative
Energy CD-ROM with your paid subscription.
Send $23.95 with your name and address to:
BHM, PO Box 712, Gold Beach, OR 97444

Photo 6: Completed solar array on south facing barn roof
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Now you can have…. 

ENERGY INDEPENDENCE! 

I asked Dean why he owned an Independent Energy Power System. His answer 
surprised me. “It represents security from ever rising electrical rates. My system is
like a retirement plan that pays out every month…I would own my own
Independent Energy System even if the utility wires came right past my house!”

Everyone has their own reason for owning an Independent Energy System. There is
the confidence that comes from knowing that your family is provided for…regardless
of storms, hurricanes or terrorist attacks. The power to run your well,
refrigerator, and lights keeps flowing silently (A noisy generator is a beacon to
thieves in a power outage). For some owners, it’s the marvel of making their own
electricity from the clean quiet energy of the sun.

Your reason may be different. Or like Dean, it may be the satisfaction of being independent of the financial demands of
a utility. 

Whatever your reason, a call to Independent Energy Systems will help you become energy independent. Call now for
information on the IES Powerwagon and Powerhouse.  

INDEPENDENT ENERGY SYSTEMS can help you plan your energy independence.  Call 989-872-4848. 
INDEPENDENT ENERGY SYSTEMS 1935 Dodge Rd. Deford, MI 48729 www.independentenergy.biz


