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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.

 


To complement the
Going Solar reference
book, case studies were created to explain and show the complete
process from concept through installation and first power up for
three different actual projects—5.0 kW, 6.5 kW, and 7.4 kW. You’re
holding the case study for a 7.4 kW solar power
generator.

 


This case study describes a
homeowner’s experience in researching, buying, installing and
operating a residential solar power generation system for a 3100
square foot home. Every effort has been made to provide accurate
and useful information. However, the information related to
industry stats are only as accurate as that produced by the
sources. 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. You must decide for
yourself how best to use the information that is shared.
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Background

It took a $600 utility bill to get my
attention and move me to take action. This bill made me concerned
about how much I was actually paying for electricity. Figure 1
shows my house before solar was installed.
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Figure 1
- Front view of home before solar.

 


 


According to The Physics Factbook, the
average American household uses around 8,900 kilowatt hours (kWh)
of electricity annually (around 742 kWh a month, 24 kWh a day). Our
home was consuming over twice this amount. By the time we got
serious about reducing our electric bill, our average monthly
energy use was 1,769 kWh at an average monthly cost of $386. This
means the energy consumption at my home was 238% of the typical
home. That’s a shocking 58 kWh a day! And I was paying dearly for
this high electrical consumption. Our electrical costs were
consistently in the highest tier of electrical charges where much
of our consumption was billed at 300% of the utility company’s
baseline rate. We were paying the utility company between $300 and
$600 each month, and the higher bills were of concern. We decided
it was time to take action to lower our electric bill. It was time
to determine the source of our excessive energy use and find ways
to reduce this consumption and our electric bill. Our daily
consumption was as high as 58 kWh so we started learning how to
lower this value. This was the beginning of my education about
energy.

 


Although I have a technical
background, I was not familiar with home electricity, solar, and
energy conservation. But I learned, and as I did, I established a
plan of action.

 


1. Establish a baseline for current
energy use.

 


2. Talk with federal, state, and local
energy experts.

 


3. Determine possible energy reduction
techniques.

 


4. Develop a list of available options
for cutting electrical use.

 


5. Prioritize these options and plan
workable solutions.

 


6. Reduce electrical use wherever
possible (and convenient).

 


7. Conduct research on solar
systems.

 


8. Contact solution
providers.

 


9. Collect bid proposals.

 


10. Select a vendor and sign a
contract.

 


11. Arrange financing.

 


12. Take action on those things I must
do to enable solar.

 


13. Observe vendor actions to fulfill
their part of the agreement.

 


13. Monitor installation
progress.

 


14. Observe system inspections and
testing.

 


15. Sign off on the job.

 


16. Pay for the project.

 


 


The first step was to determine our
current electrical energy use. I began to collect utility bills
paid over the last three years. Then I generated a computer
spreadsheet to show how much energy we used each month. I entered
the usage data into a spreadsheet and began to study what I found.
Table 1 shows the electrical consumption in my home during this
period.

 


 


Table 1

Kilowatt Hour Usage
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Table 2

Cost of Electricity
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Then I sharpened my focus and studied
the actual utility bills received. In our area, electricity is
billed based on a tiered system as shown in Table 3.

 


 


Table 3

Allowance Tiers (KWh)
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The kWh allowance in each of the five
tiers is based on the total energy used. The way these allowances
are calculated changed since 2003. Let’s examine the tier
allowances in November 2004. In this month, our electrical use was
1,393 kWh. The baseline allowance was 335 kWh. Today, the utility
company only allows consumption up to 282 kWh to be charged at the
Tier 1 Baseline. Tier 2 allowance was 101 kWh. This allowance is
calculated by multiplying the baseline allowance (335) by 1.3 and
subtracting the baseline. So 335 x 1.3 = 435.5, less the 335
baseline = 100.5. This is rounded up to 101. Today, the Tier 2 rate
is charged for consumption between 282 kWh and 367 kWh. The
allowance for Tier 3 is calculated by multiplying the baseline 335
by 2.0 and subtracting the kwh allowances for Tier 1 and Tier 2.
Thus, 335 x 2.0 = 670.0 less 335 less 101 = 234. Today, Tier 3
rates are charged for all electrical use between 367 kWh and 564
kWh, and all consumption above 564 kWh is charged at the maximum
rate. Like today, the price charged for all of the kilowatt hours
used in each tier determines how much we were charged.

 


The charges are broken into two parts.
Part 1 is for the transmission and distribution costs that the
utility company pays to get electrical service to our home. Part 2
is for the actual electrical energy used during the billing period.
The charges in both Part 1 and Part 2 also follow a tiered
structure as shown in Table 4 and Table 5.

 


 


Table 4

Transmission & Distribution Charges
$/KWh by Tier

(Based on November
Statements)
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Table 5

Electrical Energy Charges $/KWh by
Tier

(Based on November
Statements)

[image: tmp_2285f9bb68aaaaf888e4f93d091670a8_RWaU_i_html_m3648c31a.jpg]

 


 


The charges for the kWh allowances in
each tier have changed over the years. By shrinking the kWh
allowance for the lower tiers energy costs are essentially pushed
into the higher, more expensive levels. So our electric bills
continue to go up.

 


I made a list of the factors affecting
the amount of energy used in my home.

 


- Openings that let heat and cooling
escape.

- Inadequate insulation.

- Low efficiency (high wattage)
appliances.

- Inefficient lighting (high wattage
for visible light produced).

- Energy wasting electronics (old,
high wattage).

- Poor light management (leaving
lights on).

- Shade and sunlight sources outside
our home.

- Orientation of our house for maximum
use of the sun.

- Average room temperature.

- Number of electrical devices and
equipment in use (even those in “standby” mode).

 


To reduce our dependence on
electricity, we needed to address each of the factors that cause us
to use more energy. Some we accepted without change. Others caused
us to take action to reduce or eliminate the source.

 


I contacted the local utility company
and state and federal solar energy organizations. With their help I
completed a home energy audit. The results provided information
about the energy used by each of our major appliances. I generated
a list identifying those appliances, equipment, and electronics
using the most energy during operation and stand-by conditions. The
list showed that heating, air conditioning, the clothes dryer, oven
and range require the most electricity.

 


The level of success we could achieve
depended on our adopting a new energy-conscious
discipline.

 


Below are the actions we
took:

 


- Plug air leak openings in and around
doors and windows.

- Replace incandescent lights with
compact fluorescent lights (CFLs).

- Replace old appliances
(refrigerator, freezer).

- Upgrade windows (single-pane to
dual-pane).

- Investigate photovoltaic solar
systems.

 


By plugging air leaks, updating to
energy efficient appliances, upgrading the heating and ventilation
system, installing dual-pane windows, changing to CFL lighting, and
developing an energy conscious lifestyle, we reduced our daily
electrical use from 58 kWh to 52 KWh.

 


By the time we were ready to go solar
our monthly electrical energy use was down to 1495 kWh. Since
electrical costs increase between 6% and 10% each year, I wanted to
do more.

 


I researched solar power generation
options. My goal was to reduce our electric bill to baseline. I
decided to reduce my dependence on public utility power to 85% less
than the 1495 starting point—224 kWh. The solar power generation
system we buy must produce a monthly average of 1271
kWh.

 


I contacted half a dozen local solar
vendors and began requesting proposals and conducting
interviews.

(Back to
Contents)

 


 


 Project Overview

Three vendors visited my home to
examine the roof surface area, the power distribution panel at the
side of the house, and the available space in my garage for solar
conversion components. Several came with Google Map printouts
showing the compass direction and a top view orientation of our
home.

 


They fine-tuned their designs and
discussed issues such as shade and access to the property. The
orientation and slope angle of the roof were entered into their
design software. The result defined the angle of the modules in
each solar array and how many modules would be required to get the
1271 kWh output I wanted.

 


Several issues required resolution
including installing solar modules on a Spanish tile roof. The
modules would be mounted on rails with stand-offs attached to the
roof structure itself. I wanted the selected vendor to accept
responsibility for replacing broken roof tiles. This would make
them move about carefully up there.

 


Another issue was shading. An Adler
tree shading the roof was removed. The goal was to maximize the
hours that sunlight would bath the solar modules. In this area 5.7
hours of useful sun is normal. All the bidders calculated their
designs using 5.5 hours of sun and enough modules to get the
specified system performance.

 


The availability of solar modules
became an issue due to high demand. In the end, 140 watt panels
were used—increasing the number of modules to 64. This added roof
coverage keeps the roof surface cooler in the summer. The modules
act like a breezeway over gas pumps in a drive-through gas
station.

 


The modules also tend to keep the
upper part of our home cooler during warm days.

 


Three serious bid packages were
delivered. All three met my energy production requirements, but the
bids varied from $42,000 to $66,000. The cost per watt varied
between $5.66 and $7.13.

 


I selected a vendor and signed a
contract for them to install a 7.4 kW solar power generation system
at my home. Figure 2 is a drawing of the PV (photovoltaic) solar
system that was installed.
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Figure 2
– The 7.4 kW solar system selected .

 


 


A CAT-5 tap-off from each inverter
routed performance information to a coded gateway, a router, and
the cable modem Internet interface at another end of the
house.

 


Figure 3 is a hand-drawn diagram of
the complete solar system.
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Figure 3
- Configuration of 7.4 kW solar system.

 


 


The solar modules are on two sections
of my roof. The inverters are in the garage with associated
disconnects and Internet interface wiring. The 64 modules can
produce 8,960 DC watts for the inverters. The inverters produce
7,431 watts AC (hence a 7.4 kW system).

 


The complete solar power generation
system is rated at 15,257 kWh/year (1,495 kWh per month). At 85%
efficiency, it can produce 1,271 kWh each month.

(Back to
Contents)

 


 



System Specifications

Power rating: 8,960 watts DC / 7,431
watts AC

 


 System Components.
Two major components are used in this system—solar
modules and inverters. In addition to the interconnecting hardware,
the system design includes a remote performance monitoring
capability.

 


 Solar
Modules. (Sharp ND-NOECU 140 Watt
)

Features: 42 square multi-crystal
silicon solar cells connected to form a photovoltaic module in a
black anodized aluminum frame with a tempered glass covering and
black aluminum backing. The modules are designed to withstand up to
140 mph winds and extreme heat.

Input: solar energy
(photons)

Output: 140 watts at 14 volts DC, 7
amps DC

Size: 45.87" x 38.98" x 1.81"
(footprint 12.4 sq. ft.)

Weight: 31.96 lbs each

 


Warranty: Continue to generate at
least 80% of design power 25 years after installation.

 


Source: Sharp Electronics Corp.,
Huntington Beach, CA.

 



Inverters. (Sunny Boy
3800U)

Features: Rugged cast iron DC-to-AC
photovoltaic converter with 95.6% conversion efficiency. Built-in
LED display shows system status and energy being
produced.

Input : 180-400 Volts DC, 500 DC volts
maximum

Start Voltage: 229 VDC

Output : 208 volts AC, 16 amps AC
max

Size: 17.8" x 13.8" x 9.3"
each.

Weight: 85 lbs

Warranty: 10 years.

Source: SMAA-America, Grass Valley,
CA

 


 Remote Performance
Monitoring. (Fat Spaniel Residential Solar
Monitoring program)

Features: Provides web-based,
any-time, any-where access to live system performance data.
Displays kWh generated by the day, week, month, year, or lifetime.
This enables me to view historical data for seasonal or other
comparisons. The display shows AC volts, AC current, AC power, and
AC total energy since system start.

 


Input: Digital data from inverter.
Output: Digital data is passed through CAT-5 cable to Internet
gateway for monitoring and reporting by Fat Spaniel servers.
Standard: 5 years monitoring, 5 years of upgrades.

(Back to
Contents)

 


 



Solar Module Roof Layout

The solar modules were to be installed
on a Spanish tile roof. The placement of the arrays is shown in
Figure 4.
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Figure 4
- Placement of solar modules on the
roof.

 


(Back to
Contents)

 


 


 How the System
Works

Solar energy from photons is sensed by
a set of 64 solar modules connected in two arrays to generate
direct current (DC) electrical energy (volts DC).

 


The DC energy is passed through
electrical conduits down from the roof to two inverters located in
the garage. These inverters activate when the level of DC reaches
229 volts and produce 7.4 kW of AC electrical power. The outputs of
the inverters are connected through a PV disconnect switch to the
power distribution panel outside the garage. This panel contains
the electrical meter and interfaces directly to the local power
grid.

 


At the bottom of each inverter are
connections for CAT-5 cable to route performance information to
web-based analysis software.

(Back to
Contents)
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