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About This Book

 


This case study
complements the book, Going Solar: A
Solution Whose Time Has Come. Since the
introduction of rooftop photovoltaic (PV) power systems, the solar
industry has grown significantly, and technology has changed with
it. Efficiencies have improved and the power generated per square
foot has increased such that 290 kW and 300 kW panels are
common.

 


Three case studies were created to explain and
show the complete process from concept through installation and
first power up for three systems—5.0 kW, 6.5 kW, and 7.4 kW. You’re
holding the case study for a 6.4 kW solar power system.

 


It describes how a homeowner researched,
purchased and had an operating solar system installed and activated
to provide electrical power for his 2400 square foot home. Every
effort has been made to provide accurate and useful information.
All trademarks or patents are assumed to exist, and no bias toward
any of the products or companies shown in this report is intended
or implied. In addition, Brenner Information Group does not
specifically promote, recommend, or endorse any product or company
mentioned or shown in this document. This book conveys and
describes a homeowner’s personal experience. At the end of the case
study is a summary of how the system is operating today and how
current output compares with design and actual first-day of
production. This information is invaluable for anyone considering
their own residential solar power generation system.
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Background

It took an $827.29 utility bill to get the
attention of this homeowner. Seeing the bill caused concern about
how much he was actually paying for electricity and the excessive
power consumption in his 2400 square-foot-home.

 


When he studied his electrical
energy use over a three year period, he discovered that his home
consumed between 1,380 and 2,865 kilowatt hours (kWh) a month. His
average monthly consumption was 1,731 kWh. (The average home in the
U.S. consumes less than 800 kWh a month.) Therefore his energy
consumption was 116% higher than typical. And he was paying dearly
for this excessive electrical consumption. His electrical costs
were consistently in the highest tier of charges. Much of his
consumption was billed at 200% of the baseline rate. He was paying
the utility company between $240 and $827 each month, and he
decided this was too much. It was time to take action to lower his
electric bill. It was time to determine the source of his excessive
energy use and find ways to reduce his energy consumption so his
electric bill would be less.

 


With two teenagers and a technology-rich
family, he, his children, and his wife had several computers
operating most of the day and well into each evening. In addition,
his family consistently used more light than necessary on a
continuous basis. He had never taken time to really study the
energy use in his home. He also didn’t seek ways to reduce the
energy costs until he learned that I cut the electrical costs in my
own home by over 90% by applying smart energy
utilization.

 


Figure 1 shows this homeowner’s house before
solar was installed. The tree on the left was removed to open the
left side of the roof to more sunlight.
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Figure 1 -
House before solar.

 


 


The homeowner initiated a
home-energy-consumption study. He collected data on all of his
electrical usage over the past two years. He entered the most
recent usage data for a one year period into a spreadsheet and
began to analyze what he saw. Table 1 shows the results.

 


 


Table 1

Electrical Usage
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As shown, 20,801 kWh of power was
consumed during the year at a cost of $4,322.72. During this period
his average monthly consumption was 1,733 kWh, and he paid an
average monthly electrical bill of $360.23.

 


The typical home in the U.S. uses between 800
and 940 kWh of electricity each month (9,600 kWh to 11,280 kWh each
year) at an average monthly cost of $200 ($2,400/year). So at
20,801 kWh, his home was consuming between 184% and 217% of the
power used by the typical American home.

 


The last column in Table 1 shows
that this home owner paid between 18.5¢ and 22.3¢ for each kWh
used. The average kWh cost (20.6¢) is above the baseline, showing
he was paying higher electrical bills on a consistent basis. This
became his rallying point for action.

 


Table 2 shows the kilowatt hour allowance for
the baseline and for the next three tiers of electrical power
usage. Notice the significant increase in cost once consumption
reached 411 kWh (316 + 95 = 411).

 


 


Table 2

Tier Allowances and Associated
Charges
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The homeowner is also charged by the utility
company for routing electrical power to service his residence.
These transmission charges are shown below in Table 3.

 


 


Table 3

Tier Allowances and Associated
Charges
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Listed in his utility bill are a
number of “taxes” and fees including a charge for energy provided
through a water resources bond, a charge for “public purpose
programs” to give low income residents electricity cost relief, a
nuclear decommissioning charge, a “competition transition” charge,
and a “reliability services” charge. These were all explained in
fine print on the reverse side of each monthly
statement.

 


In the end, the actual electrical
power his home consumed accounted for only 35% of his total bill.
Getting the electrical power to his home accounted for another 30%
of the bill. Just the “component” charges represented a whopping
35% of his total bill. To continue the taxation and added fees,
there were “other account charges” including a city franchise fee
differential on electrical power used (5.78%), a franchise fee on
energy supplied by companies other than the utility, a state
surcharge tax of 0.022¢ per kWh, a state regulatory fee of 0.024¢
per kWh and a second Public Purpose Program fee on natural gas
used. These “other” charges added another 6.23% to his bill.
Together these other charges represented over 41% of the
homeowner’s total electric bill.

 


He quickly realized the add-on
charges were a significant part of his utility bill,. They were
based on how much energy he used, and his energy use exceeded the
lower tiers of power allocation costs. Reducing electrical
consumption became important in minimizing the impact of these
extra charges and reaching an acceptable monthly budget for his
home.

 


So the homeowner contacted the
local utility company and asked for their help in performing an
energy audit on his home. He also purchased a watt-meter to measure
the power use by his appliances and other electrical devices such
as computers, televisions and the heater and pump for his swimming
pool.

 


Based on this information, he
upgraded his heating and air conditioning systems, added dual pane
windows, and increased the insulation in his home. His power
consumption came down, but it was still high. With two active
teenagers and many friends, he and his wife realized solar was the
next necessary step toward making their electrical costs
manageable.

 


After visiting with me and hearing my “Going
Solar” presentation, he understood the process and much of what
would be involved. He contacted solar system vendors to learn what
they recommended.

(Back to
Contents)

 


 



Project Overview

Several vendors visited his home
and submitted proposals. Comparing dollars-per-kilowatt would be an
indicator of consistent pricing and a good way to compare
proposals, but the type and size of the system would be important
in his selection decision. Still, with all options equal, the final
selection would be based on price.

 


He invited each vendor to send a
sales representative to his home to evaluate his solar system needs
and to propose a solution. At each meeting, the homeowner provided
past electrical statements and described his goals and objectives
for lowering the cost for electricity. The homeowner explained that
he wanted to reduce his electrical cost to within the first two
tiers of charges by the utility company.

 


The vendors examined the exterior
of the house, roof orientation, shading, the existing power
provided to his home, the location of computer resources inside the
house, and Internet access. The available roof space and the
orientation of the roof surfaces relative to south helped determine
the type and size of system possible.

 


Next the home owner met with a
number of solar installation vendors to discuss the options each
vendor recommended. The first hurdle was to design a system that
could be mounted on a roof consisting of multiple sections with
varying slopes and orientations to the sun.

 


Several design solutions were
proposed including a 6.3 Kw system consisting of 36 Sanyo modules
each generating 195 watts. The DC energy would be applied to Sunny
Boy DC-AC inverters to produce 6,273 watts of AC power. This option
required the removal of 4 attic vents and an upgrade in the
electrical service panel from 125 amps to 200 amps. The vendor felt
this design would produce 972 kWh of power each month and reduce
the homeowner’s electrical bill by around 66%.

 


A second vendor proposed a 6.4 kW
system using 32 Canadian Solar 200 watt modules and 32 Enphase
microinverters. Each module can generate 200 watts of electrical
power and has its own DC-AC inverter. No upgrade was required for
the 125 amp electrical service panel at the side of the house. This
design could provide over 1,000 kWh of electrical power each month
and reduce the average electrical bill about the same.

 


Both designs included system
performance monitoring capability through an Internet cable routed
from his garage to the location of the cable modem for the
homeowner’s workstation. This would enable an interface with a
photovoltaic (PV) web-based monitoring system to provide active and
dynamic viewing of solar system power generation.

 


In addition the solar modules in
both design options would be mounted parallel to and about 6" above
the roof surfaces using small standoffs attached to the roof
structure. All electrical conduits from the solar modules or
microinverters would connect with devices in the homeowner’s garage
on the wall near the 125-amp exterior electrical service
distribution panel. With the first option, 2 inverters would be
located in the garage and connected to feed AC power directly to
the electrical grid through the electrical power distribution
panel. In the second option, three arrays with 32 microinverters
would be connected through 3 junction boxes to feed solar power to
15-amp circuit breakers in the electrical power distribution panel
outside the home on the exterior garage wall.

 


The homeowner decided that the
best solar solution for his home was the distributed inverter
design. No expensive upgrade to the power distribution panel was
required, and a failure of one module or microinverter could be
isolated offering maximum fault tolerance. In this design each
inverter operated separately from the others and could be isolated
from the rest of the inverters and solar modules. With a
distributed inverter design, the system continues functioning when
one part of the system fails. This graceful degradation provides
continued system operation at a lower output level during failure.
It also enables each solar module to operate independently and
continue providing AC power as the day wears on and the angle of
the sun changes relative to individual solar modules.

 


Based on the homeowner’s reduced
electrical cost objective, the distributed inverter proposal was
accepted and the proposing company was hired to install a 6.4 kW
system using photovoltaic (PV) technology and grid-tied, net
metering. The system would consist of 32 photovoltaic solar modules
with 32 individually dedicated Enphase microinverters. Each module
can generate 200 watts of DC power. Each of the 32 solar modules
can provide DC energy to one of 32 dedicated inverters converting
the DC power into alternating current (AC) energy. The AC would be
supplied to the utility grid and used in the house of the
homeowner.

 


The vendor estimated that the
roof-mounted solar system could produce up to 43 kWh of solar power
each day depending on the position and intensity of the sun. This
solar- power design should drop the chargeable electrical costs to
within the specified tier charges.

 


Figure 2 is a layout of the PV solar system
installed at the homeowner’s location.
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Figure 2
- Homeowner’s solar system.

 


 


Three arrays of solar modules are
used in the design. Two of the arrays consist of 11 modules each. A
third array is constructed using 10 solar modules. Each array is
called a circuit.

 


The output from each module is fed
into a dedicated DC-to-AC microinverter connected through a
disconnect switch panel in the garage to the power distribution
panel on the side of the homeowner’s house.

 


Remote monitoring of system
operation is accomplished using an Envoy Communications Gateway
located in the garage and connected to the homeowner’s cable modem
interface. The Internet monitoring circuit is shown in Figure
3.
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Figure 3
- Internet performance monitoring
circuit.
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Scope of Effort

The vendor was hired to evaluate
the site, measure, calculate, and design a residential photovoltaic
system that meets the homeowner’s requirements. Then the vendor
would be tasked to provide and install 32 solar modules on the
homeowner’s roof with 32 microinverters in a three-circuit
configuration. Next, the vendor must route the three circuits down
to an isolation panel in the garage and wire this connector panel
to the power distribution box on the side of the house. The vendor
was also required to provide and install a Web-based solar
performance monitoring system that can be accessed over the
Internet.

 


As part of the project, the vendor would
provide all interconnections and components to make the complete
system safe and operable. Then the vendor must complete all
required documentation and support all inspections for the
operation of the solar system and the implementation of net
metering by the utility company. Completion of all other forms and
documents required for the job were the responsibility of the
vendor. The homeowner read, accepted, and then signed the documents
necessary to move the project forward. Payments would be based on
the phase of construction.

(Back to
Contents)

 


 



System Specifications
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