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Abstract

The Rura Development, Inc. (RDI) Homeownership Program is a non-profit devel oper and
builder of affordable Energy Star homes for low-income homeowners. The objectives of this
study were to determine if renewable energy and other green building technologies could be

incorporated into the single-family homes RDI builds.

The Design Team investigated photovoltaic systemsincluding panels, inverters, and mounting
systems; high efficiency gas boilers; affordable low u-value windows; and cellulose insulation.
Information was gathered through on-site home visits, computer searches, magazine articles,
product literature, and the experience of three photovoltaic businessmen, an architect, an
engineer, and abuilder. A cost analysis concluded that substantial funding and community
support are necessary to include PV’ s in affordable homes. Possible funding sources were
investigated by computer search and a chart prepared.

Three products were created during the study:
* A 1200 square foot affordable “ Photovoltaic House” with options to place photovoltaic
modules on the front, rear, or side of the house either on the main roof or on a porch roof;
» A small “Photovoltaic Shed” to be used as an inexpensive and convenient mounting
system for photovoltaic modules;

* A sample“User Manual” for new homeowners whose homes have photovoltaic systems.
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Report Summary

The Rural Development, Inc. (RDI) Homeownership Program is a non-profit developer of affordable
single-family homes for first time low-income homeowners in Franklin County, Massachusetts. The
program teaches first time homebuyers about homeownership, purchases land for single-family home
sites, plans what style of house isto be built on the site, obtains all permits, and constructs the home.
All of the houses constructed by RDI are Energy Star rated. In response to the Massachusetts Green
Buildings Early Stage Feasibility Study Assistance award granted by the Massachusetts Technology
Collaborative in the Fall of 2002, RDI formed a Design Team to perform the study. The primary
concept to be determined by the feasibility study was whether or not renewabl e energy technology
can be integrated into a successful affordable homeownership program. If so, what would be the
optimal method? If not, what were the barriers? Also, were there ways RDI could make the homes

even more energy efficient, environmentally responsible or “green”?

The Team, comprised of architect Bill Austin, engineer Ande Nazar, photovoltaic (PV)
consultants Richard Gottlieb, Philippe Rigollaud and Don Campbell, project assistant Jim
Seaborg, and RDI Homeownership Program director Anne Perkins, researched and reviewed
renewable energy and enhanced energy efficiency options for affordable homesin the rural
county. They focused on PV technology in the belief that it would be the most feasible
renewable energy that can be applied to individual homes at reasonable cost. The Team hoped to
come up with an effective, economical, photovoltaic system as well as an underwriting/financial
mechanism to support the initial cost. Other forms of renewable energy, such asfuel cells, wind,
or small hydroel ectric systems, were not deemed suitable for single-family building sites at this
juncture of history, and were thus not considered for this project. Enhanced energy efficiency
and other ‘green building’ options, such as high efficiency windows, insulation, and heating
systems were also reviewed. A new house and ‘ Solar Shed' were designed to integrate the PV

and energy efficiency options.

The Design Team believesit is quite feasible to build a*“green” house with 1 kW of solar
electricity that would fit into RDI’ s affordable housing program, provided funding can be found
for the photovoltaic system. We propose to build the “Photovoltaic House” on sites that have



good solar exposure utilizing al of the attributes described above. We propose to build the
“Photovoltaic Shed” where appropriate. We aso propose to seek funding, discounts, in kind
contributions, “sweat equity” and donated labor to pay for the photovoltaic systems.

Asaresult of the study, RDI will include the following in many future houses in order to increase

their “greenness’:

» 1kW photovoltaic systems,

» Solar sheds, roofs, or porches;

» Low E windows without argon;

* Windows with clear glazing on the southern exposure where there are no shade barriers;
e Blownindry celulosein walls (R21) and ceilings (R38);

« Fully modulating high efficiency gas boilers.

A discussion of each of the topics mentioned above isincluded in the report.

With only three percent of the world’s oil reserves to be found in the United States, it has become
apparent that aternatives to dependency on oil must be found. The Design Team is excited about the
prospect of installing PV systems on affordable houses to help in leading the way to |ess dependence
on oil. The Team has designed an innovative PV system that will be reliable, esthetic, safe, and

financially valuable to the low-income families who will benefit from them.

Although the Design Team is challenged by the task of funding the PV systems, it is pleased with the
creative solutions this study has accomplished toward installing such systems on affordable homes.
Environmental interests that outweigh the monetary barriers also motivate the Team. Though the
environmental importance of these systems was the driving force of the team’ s efforts, issues of cost
were given realistic and thorough consideration. The Team has achieved an important goal in

designing a PV system of optimal value at reasonable cost.

The Team knows that the PV systems will be of significant value to the homeowners, the

environment, and the public. The benefit of these systems span several prominent issues:



* the electricity produced will reduce greenhouse gas emissions by veering
away from coal and nuclear electric plants;
* the reduced monthly utility bills will provide welcome financial relief for the
low-income families that receive them;
* the price of the solar modules will continue to decline with an increasein
production.
* the implementation of renewable energy reduces our dependence on imported
fuel and improves energy security;
* the PV systems will help the homeowners become immune to fuel-related
shortages and price spikes on their electric hills;

* the implementation of these systems will create jobs and economic growth.

The Team believes that these advantages merit the effort and cost necessary to implement them.
There is no lack of enthusiasm, motivation and dedication on the Team’ s part, but thereisa
significant need for funding. The final decision was made with this consideration in mind. Without
funding, the proposed PV systems simply cannot happen. But the Team is well aware of this dilemma

and will continue its efforts to overcomeit.

To the best of the Team’ s knowledge, RDI is the only non-profit housing devel oper of affordable
single-family homesin rural Americato offer PV systemsto its new homeowners. RDI has an
opportunity to set the standard in affordable PV installations, and will encourage other organizations
to follow. Building on its success as a devel oper of energy efficient affordable houses, RDI is set to

develop green houses with renewable energy components.

(Note: Due to the late request from the Massachusetts Technology Collaborative (MTC) to
include a Report Summary, this summary was copied with minor revisions from the Introduction

and Final Decision components of the Report).



AFFORDABLE SOLAR HOMES

A) Introduction

The Rura Development, Inc. (RDI) Homeownership Program is a non-profit devel oper of affordable
single-family homes for first time low-income homeowners in Franklin County, Massachusetts. The
program teaches first time homebuyers about homeownership, purchases land for single-family home
sites, plans what style of house isto be built on the site, obtains all permits, and constructs the home.
All of the houses constructed by RDI are Energy Star rated. In response to the Massachusetts Green
Buildings Early Stage Feasibility Study Assistance award granted by the Massachusetts Technology
Collaborative (MTC) of the Renewable Energy Trust (RET) in the Fall of 2002, RDI formed a
Design Team to perform the study. The primary concept to be determined by the feasibility study was
whether or not renewable energy technology can be integrated into a successful affordable
homeownership program. If so, what would be the optimal method? If not, what were the barriers?
Also, were there ways RDI could make the homes even more energy efficient, environmentally

responsible, or “green”?

The Team, comprised of architect Bill Austin, engineer Ande Nazar, photovoltaic (PV) consultants
Richard Gottlieb, Philippe Rigollaud and Don Campbell, project assistant Jim Seaborg, and RDI
Homeownership Program director Anne Perkins, researched and reviewed renewable energy and
enhanced energy efficiency options for affordable homesin the rural county. They focused on PV
technology in the belief that it would be the most feasible renewable energy that can be applied to
individual homes at reasonable cost. The Team hoped to come up with an effective, economical,
photovoltaic system as well as an underwriting/financial mechanism to support theinitial cost. Other
forms of renewable energy, such asfuel cells, wind, or small hydroel ectric systems, were not deemed
suitable for single-family building sites at this juncture of history, and were thus not investigated for
this project. Enhanced energy efficiency and other “green building” options, such as high efficiency
windows, insulation, and heating systems were also reviewed. A new house and “Photovoltaic Shed’
were designed to integrate the PV and energy efficiency options.

For reasons of structure and clarity this report is divided into renewabl e energy/ photovoltaic options

and enhanced energy efficiency options.



B) Renewable Energy Options. PV Systems

The Team sought to incorporate PV systems on affordable houses with afocus on simplicity,
reliability, and an esthetic presence that will be educational and inspiring to the homeowner and TO
the public. A primary goal wasto create an affordable standardized PV system that would be easy to
assemble and install, as well as simple for the homeowner to use. Another goal was to develop a
system that can be replicated on all RDI homes as well as by other builders. Fundamental objectives
included:

* Researching and analyzing photovoltaic system products for their cost and performance;

» Consideration of questionsin regard to ease of use, maintenance, batteries, snow
removal, and equipment safety;

* Researching methods to mount the photovoltaic system;

 Design of asingle-family house that incorporates PV’ s and green building features for
energy efficiency;

» Analyzing the cost benefit of photovoltaics on these houses.

The proposed systems would all be tied to the electric grid. Not only isthis a requirement of the
MTC, al of the houses RDI builds are on the grid as a standard. In rura Franklin County there are
houses off of the grid, but thisis not feasible for an affordable housing program. Although it could be
advantageous to the homeowner to have a battery back up system in case of a power failure, the
higher cost of the batteries, the more complex inverter, and extra modules necessary for a stand-alone
PV system caused the Design Team to preclude this option. Also due to cost, the Team decided on a
one-kilowatt (1 kW) system as the most realistic approach to incorporating renewable energy into

affordable homes. The 1 kW system will offer the new homeowner:

* one kilowatt hour of electricity per hour of unimpeded sunlight;

* an opportunity to ‘ spin the electric meter backwards' on sunny days,
» monthly electric utility savings dependent on hours of sunlight;

* an esthetic, environmentally friendly source of energy;

* apossibleincrease in the property’ s value.



The Team dissected a photovoltaic system into three basic components and reviewed these

components for their cost, performance, reliability, reputation and ease of use. Categories for solar

modules, inverters and mounting equipment were established and each of these was reviewed

separately. These three components make up the core of all photovoltaic systems and comprise the
bulk of al materials. The Team chose not to research small and less significant equipment such as
wires and mounting hardware (screws, plates, etc.) because it considered this equipment to be
standard and comparable in cost. Batteries were excluded from the research; however the systems we

propose could be expanded in the future to include batteries as well as extra solar modules.

Following is a description of the three photovoltaic system categories:

Ten manufacturers of solar modules were studied to determine their feasibility for the project. A
number of criteriawas gathered and evaluated, and a chart was created to facilitate the understanding
of the data. Specifically, the Team wanted to know the output of each module, the cost per watt
produced, the type of technology it used, and its size and weight. Other considerations were its
availability, performance record, location of manufacturer, and mounting application. Research

criteriawere divided into three parts: technology, size, and manufacturer. The final decision was

1) Solar Modules

based on results from these three categories.

lanufacturer

Model Watts PV Type Cost Per Module Cost Per W Warranty
str opower )

AP-75 75 Monocrystalline 419* 5.59*% 20 yr
AP-110 110 Monocrystalline 20 yr
BP Solar MST-43MV 43 Amorphous 10 yr
MST-56MV 56 Amorphous 10 yr
Evergreen Solar EC-102 102 Multicrystalline 499* 4.89* 20 yr
EC-110 110 Multicrystalline 559 5.08 20 yr
Sharp NE-Q5E2U 165 Multicrystalline 718 4.35 20 yr
Solarex MSX-77 77 Multicrystalline 25 yr
Photowatt PW-750 80 Multicrystalline 495 6.18 25yr
PW-1000 105 Multicrystalline 524 5.01 25yr
Shell/Siemens SM-110-24p 110 Monocrystalline 639* 4.71* 25 yr
SP150-p 150 Monocrystalline 869* 4.86* 25 yr
Uni-Solar Us-32 32 Amorphous 187 5.84 20 yr
US-64 64 Amorphous 350 5.46 20 yr

Table 1: List of module manufacturers reviewed. Retail prices are included for comparison. Prices are from www.altenergystore.com.
Prices marked with an (*) are from www.realgoods.com.




Technology:

There are three different types of silicon used to make photovoltaic cells: monocrystalline,
multicrystalline and amorphous. Originally, al panels were made from silicon slices cut from asingle
large crystal. A panel made thisway is known as a monocrystalline panel, and these provide the
highest efficiency but are more expensive to produce than other types. Some manufacturers have
switched to using silicon that has been cast in blocks. These are called multicrystalline panels. They
are cheaper to produce and to buy, but they may not perform quite as well as the monocrystalline type
when they get hot. Amorphous silicon modules are flexible * sheets' that perform well under low light
conditions. However, they are up to 50% less efficient than mono and multicrystalline modules, and
more would be required to complete a 1 kW array. Thiswould not only increase the difficulty of

installing the array, it would also require additional surface area on the roof.

Being conservative in its approach to choosing which type of solar module to use, the Team felt that
it was necessary to incorporate only the most reliable technol ogies that have been tested and proven
over time. While interested in new approaches, RDI is protective of the new low-income
homeowners who purchase their homes. Thus it was deemed appropriate to use proven, rather than
experimental, technologies. Newer technologies, such as amorphous silicon, were considered too
great arisk for the project. While mono and multicrystalline modules have been made for several
decades and are employed throughout the world, amorphous modul e technologies are relatively new,
and their performance is not proven. Therefore the Team opted for a mono or multicrystalline module
for their proven success rate, efficiency and longevity. Whereas the amorphous modul es are equipped
with only aten-year warranty, most mono and multicrystalline modules come with 20 to25-year
warranties. Monocrystalline modules that were produced in the late seventies are still in use today,
and the technology has improved since that time.

Szing: Output and Module Size
A typica 1 kW array consists of modulesin the 80-100W range, but the Team researched modulesin
the 50 to 300W range to obtain a comprehensive knowledge of available options. The Team found
that an array made of modules smaller than 80W would be more difficult to install. Such an array
would require more modules to produce 1 kW of electricity, and extrawiring would be necessary.
Modules larger than 120W also have disadvantages. They weigh more, making installation more



difficult and dangerous. They are also more expensive to ship. Based on the dimensions and weight
of amodule in the 100W range, and the ease of handling and installation of modules this size, the
Team concluded that a module in the 100W range would be appropriate. Moreover, an output in this
range is more cost effective because fewer modules are necessary to complete the array. For a 1kW
PV system, ten 100W modules would be required.

M anufacturer:

Several factors were considered in choosing a module manufacturer. Again, the most important factor
was the reputation and performance history of the company and its products. Evergreen modules
were chosen for their performance history, cost, power output, installation features and reputation.
Richard Gottlieb has installed Evergreen modules for Sunnyside Solar for over two years with few
problems. His familiarity with their products and knowledge of their performance shed light on their
exceptional quality. In addition, the Team liked the idea of supporting a Massachusetts company as
opposed to importing modules from an overseas manufacturer. A sales representative from Evergreen
Solar, Inc. was contacted to discuss a possible working relationship with RDI. Lance Barret attended
a Team meeting and provided the Team with an overview of Evergreen Solar and the products it
manufactures. Mr. Barret claimed that their String Ribbon Technology is one of the most

environmentally friendly ways to produce solar modules.

2) Inverters
The grid-tied PV system that RDI intends to build requires aline-tie inverter to change the sun
produced DC power to AC power for use in the home or to be returned to the electric grid. Aswith
the modul e research, the Team chose products with proven reputation and performance history.
Richard Gottlieb and Don Campbell suggested that the Team investigate SMA Sunny Boy and
Xantrex inverters based on their experience working with these products. Richard Gottlieb claimed
that the Xantrex inverters ‘shut down’ during periods of brief cloud cover, while Sunny Boy inverters
continue to operate under overcast skies. Philippe Rigollaud, aPV system installer with Sunnyside
Solar, also testified that Xantrex inverters under perform other inverters on cloudy days. A third
manufacturer, Outback Power Systems, was also included in the research. As of thiswriting their

FX2000 inverter is not yet available to the public. The Team conducted only limited research on



multi-modal inverters, which are used to charge batteries as well as supply electricity directly to the

load. For a1 kW system, an inverter in the 1200 to 1500W range would be ideal.

Inverter Comparison Chart: M echanical Specifications

INVERTER | OUTPUT | VOLTAGE. S EF(F;EE‘)CY FREEer;JiEEI?Y o NEUL WARRANTY|WEIGHT | PRICE
(NOMINAL)| RANGE
Outback FX2000| 120 VAC 2000VA|  97% 60 Hz 24 VDC 2yr 60LB | $1,795
SMA SB1800U | 1650 W |211-264 VAC| 1800W |  94% 59.3-60Hz |139-400 VDC|  5yr 80LB | $1,875
SMA SB2500U | 1850 W |211-264 VAC| 2500 W |  94% 59.3-60Hz |250-600 VDC|  5yr 80LB | $2,139
Xantrex ST2500 | 240 W  |211-264 VAC|2500 VA |  94% 60 Hz 48 VDC 2yr 351B
s%(;gg?c()o 240 VAC |211-264VAC | 2500VA 94% 60 Hz 48 VDC 2yr 35LB | $2,152

Table 2: Mechanical specifications are similar for all three manufacturers. Retail prices are included for comparison.
https://www.altenergystore.com/cart/inverters.html#sma

The product specifications for these models are quite similar. They are also comparably priced. Based

on these indeterminate findings, the Team reviewed a comparison study published in Home Power

Magazine to substantiate the Sunnyside Solar experience and to clarify which product is a proven

performer. In it the author describes a series of tests he conducted to compare the performance of

Xantrex and SMA Sunny Boy inverters.

Figure 1: The SMA SB2500 produced
more Kilowatt-hours than

the Xantrex STXR2500 over

an eleven-day period. Source:

Home Power #91, pg.51.
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The author connected a Xantrex STRX2500 and an SMA SB2500U inverter to identical arrays of 24

110W Kyocera modules. The arrays were placed side by side, thus receiving equal amounts of sun

exposure at the same temperature. For over one month he logged the energy production of each array

at seven-second intervals. Halfway through the study he switched the inverters to confirm the data




using the other array. His results show that the SMA model reached 94.8% efficiency, surpassing the
manufacturers 94% rating. At the same time the Xantrex model failed to reach its rated maximum
power output. He found that the Xantrex peaks at 90.1% efficiency, nearly four percentage points
below the published specification of 94%. Towards the end of the study an engineer from Xantrex
visited the author’ s test site and verified that hislogging was within 2-3%. Although the author used
2,500W models for histests, an 1800W inverter is more appropriate for the 1 kW system RDI

Proposes to use.

SMA SB2500U vs. Xantrex ST2500 and STXR2500 : Overall Results

SB2500U vs. ST2500 Overall Mostly Cloudy Partly Cloudy Partly Sunny
SB on east array, ST on west array 24.50% 29.30% 24.20% 19.20%
SB on west array, ST on east array 21.10% 26.80% 22.20% 14.20%
Combined average 22.80% 28.00% 23.30% 16.70%

SB2500U vs. STXR2500
SB on west array, STXR on east array 24.50% 27.70% 25.70% 19.10%

Table 3: The Sunny Boy performed up to 29.3% mor e efficient than the Xantrex ST2500U and 27% mor e efficient than the
newer STXR2500. Source: Home Power #91, pg. 52.

The Sunny Boy 1800U was chosen for its reputation and performance record. Using an 1800W
inverter for a1 kW system meets the National Electric Code. A smaller inverter could be used for a1
kW system, however the Sunny Boy 1800U isthe smallest size that SMA (a German based company)
exports to the United States. Although RDI prefers to use locally made products, in thisinstance
quality of product was considered more important than the locality of the manufacturer.

3) Mounting Structure: Solar Shed
RDI had concerns about the two conventional methods of mounting arrays of photovoltaic modules.
Pole mounted arrays lack esthetic appeal and often ook like aforeign object in the family yard. Roof
mounted arrays in Western Massachusetts will often be snow covered and thus be useless in winter,
are difficult to reach for repairs, and need an appropriate roof angle and orientation to be efficient.
Building lots are not always amenable to such orientation and house designs may not always be

adaptable to such roof pitches.



Bill Austin of Austin Design came up with a unique ideato avoid these problems while keeping costs
down. He created a “Photovoltaic Shed” to support the solar modules and to potentially house the
inverter. The shed, asimple 8 X8 structure, is designed to support a 100 square-foot array comprised
of ten 100W modules. It maintains the flexibility of a pole-mounted system in that it can be located
nearly anywhere on a property to maximize solar exposure. It can be sided to match the house and
can also be useful as atool shed. See attached design.

The benefits of integrating the array into the structure are twofold. Not only does it solve the esthetic
concern that a pole-mounted array presents, it also eliminates the need for conventional roofing
materials. Once the modules are placed side-to-side and sealed together with silicon, they form a
leak-proof roof that produces electricity. The total roof of the shed is PV array. No roof sheathing
will be needed. Compared to a pole-mounted system, the only disadvantage the shed hasisthe
inability to ‘track’, or follow the sun through the course of a day. However, a pole-mounted system
with atracking device would not be appropriate for affordable housing due to the extra cost and the
difficulty of finding a suitable site. In order for the tracking device to be cost effective, alocation that
receives unobstructed east and west as well as south exposure must be found.

Mounting Structure Comparison Chart

2000+

1500+

Price 1000+ |

5001

0
Zomeworks Zomeworks Uni-Rac Low Solar Shed
Passive Tracker Fixed Pole Top Profile

Mounting Device

Figure 2: Pole-mounted tracking devices cost three times more than the Solar Shed. Cost isfor materials only. Prices are
from www.realgoods.com

The shed also has the advantage of being close to the ground, allowing easier access to repairs and
snow removal than aroof-mounted system. Another benefit of putting the array on an outbuilding is

the problem of leaks. Anytime aroof is penetrated with electric wires, the potentia for the roof to



leak isincreased. Although every effort would be made to seal the modules to one another and

prevent leaking, the problem of aleak in an outbuilding is minor compared to that of a home.

The array system is also adaptable to a shed type porch roof that could be added to an existing or new

house if the orientation is appropriate. See “Photovoltaic House” plans.

A primary objective throughout the project was to minimize the waste of materials used in
construction. Bill Austin was able to achieve thisimportant goal on the “Photovoltaic Shed” by
designing the dimensions of the structure in correspondence with the size of standard building

materials.

4) User Manual
Philippe Rigollaud of Pioneer Valley Photovoltaics designed a user manual for new RDI homeowners
with photovoltaic systems. The manual, a (10) page booklet, will be distributed to new owners of a
PV system to enhance their knowledge of how the system works and how to maintain it. With ssimple
diagrams and straightforward language, the manual is easy to follow and helps the common
homeowner understand their PV system. It would be customized for each specific system, and would

benefit people who are not technologically savvy. See attached manual.

5) Cost Analysis
Massachusetts Senator John Kerry eloquently stated the importance of supporting electricity
production by renewable meansin a speech on February 9, 2003. “ The environmental challengeis
more pressing and more profound than ever. It involves our national resources, our national security,
and the ways in which human beings will live together on this planet. . . We need and we must have a
future that is no longer dependent on oil from unstable regions. . . A founding member of the OPEC
oil cartel said years ago that the Stone Age didn't end because we ran out of stones, and the oil age
won't end because we run out of oil. At the start of the 21st century, we have new possibilities to
develop technol ogies that advance both our economy and our environment -- and at the same time
become a nation and aworld less and less dependent on ail. . . We can create a market for clean,
domestic, reliable energy with a national standard for renewable power in the electricity sector. |

believe we should set a national goal of having 20% of our electricity come from domestic alternative



and renewabl e sources by the year 2020.” (www.johnkerry.com) In the analysis that follows it will be

seen that the current monetary cost of photovoltaic systemsin itself would not make a compelling
case for installing such systems on any single family house, affordable or not. However, the kinds of
considerations aluded to in Senator Kerry’s speech make a persuasive argument for supporting such
installations.

Based on seasona sun exposure in New England’ s latitude, the summer months will produce more
electricity than other times of the year. Therefore, most of the economic benefits of a photovoltaic
system will be realized during summer. In a state where the net metering is figured on an annualized
basis, if the PV system produces more electricity than is consumed during summer, the homeowner
will establish a credit with the utility company for the upcoming winter months. This credit is based
on ‘spinning the meter backward’ when production exceeds consumption. In Massachusetts, the net
metering is figured on the billing cycle, so al the value is credited during the same cycle that the
excess power from the PV is generated. A 1 kW system such as that proposed for the RDI housesis
not likely to produce more electricity in one billing cycle than is used, even in the summer, therefore
very little power that is produced by the system will be lost. In other words the full value of a1 kW
system in Western Massachusetts will be realized. In order to understand the overall economic
benefit, the Team used data from the U.S. Department of Energy and Sunnyside Solar to calculate
how much electricity a1l kW PV system will produce in Franklin County.

For every hour of direct sun, the proposed system will produce 1 kW of electricity. The U.S
Department of Energy states that on a yearly basis, northwest M assachusetts averages 3.97 hours per
day of direct sunlight. However, a surface with a southward tilt and no shading will receive 4.03
hours per day. Assuming the solar panels receive adequate exposure (no trees, hills, or buildings that
create shade), al kW PV system with a southward tilt in New England has the potential to produce
1,471 kilowatt hours (kwWhr) each year (4.03hrs/day X 365days/year = 1,470.95 hours of direct
sunlight).

Sunnyside Solar has collected datain downtown Greenfield (the county seat) atop the Northeast
Sustainable Energy Associations Headquarters over a period of three years. There are five Sunsine
modules totaling 1,375 W DC or 1238 W AC at a 35° angle with an unobstructed south face. In



exactly three years this array produced 5,000 kWhr, amounting to 1,347 kWhr per installed kW of AC
per year. Thusthe 1,471 theoretical number may be high for Franklin County.

To convert the U.S Department of Energy figures into monetary terms, the Team used the current
marginal electric rate for Western Massachusetts Electric Company (one of the two companies that
serves Franklin County) of .09 cents per kWhr. At the current rate, a1 kW PV system will produce
about $132 of electricity each year (1,471 kWhr X $.09 = $132.39). The total cost of the PV system,
including all parts and labor, is estimated to be $12,600. (see table 4)

MATERIALS
COST
10 Evergreen EC-102 Modules 4690
Mounting System 600
Conduit and Wire 750
Sunnyboy SB 1800U Inverter 2100
External Disconnect 150
PV Shed Materials 450
TOTAL MATERIALS $8,740
PV Shed Labor 360
Installation Labor 3,500
TOTAL INSTALLATION LABOR $3,860
TOTAL PV SYSTEM
$12,600

Table 4: The cost of a 1 KW PV system.
In time, the initial costs of the PV system will gradually enter the pockets of the homeowners.

The longer the PV system is operable, the greater the economic benefit to the homeowner. For
example, if the proposed 1 kW system lasted twenty years, it would produce atotal of 29,420
kWhr of electricity over itslifetime. With an initial cost of $12,600, the 29,420 kWhr would be
the equivalent of paying $.43 per kWhr. With the current technology and a 20-year warranty on
the solar modules, it is expected that the system will last at least 20 years. The following chart
shows the price per kWhr over agiven time frame. For this chart, it is assumed that theinitia
cost of the system is $12,600, and that it will produce 1,471 kWhr per year:

Over 20 Years Over 25 Years Over 30 Year



$.43 KWhr $.34 kWhr $.29 kWhr
The above data assumes that there are no cost incentives. With current incentives that may be
available to RDI, the long-term equivalency costs are much more attractive. The MTC has
funded a Solar to Market Initiative through Pioneer Valley Photovoltaics. Under thisgrant MTC
will pay $4.50 per DC watt of installed PV systemsin Franklin County. If RDI is ableto take
advantage of these incentives, the cost of each proposed PV system would be reduced from
$12,600 to $8,100 and thus the 1,471 kW produced each year would be the equivalent of paying:
Over 20 Years Over 25 Years Over 30 Years

$.28 kWhr $.22 kWhr $.18 kWhr

Should the PV system last thirty years with no part replacements, it would produce enough
electricity to drive the cost of each kilowatt-hour down to $.18 kWhr.

In addition, it should be noted that once the initial cost is paid, the PV system produces
electricity at apricethat is“locked-in”. Whereas the utility companies will certainly raise their
prices over time, the PV system will continue to produce electricity at a price determined only by
theinitial cost. Also, it should be taken into account that future uncertainties in the energy world
could have significant impact on the price of centralized electricity. Owners of PV systems
would be less affected by shortages of coal, oil and other fossil fuels or political conflicts that
effect energy policy. In addition, the increased use of natural gasin electric plantsin recent years
istaking atoll on the natural gas reserves. As gas reserves deplete, the cost of electricity from

gas fired electric plants will undoubtedly increase.

There are also hidden costs that come with the production of centralized electricity. These costs
will eventually come back to haunt ratepayers with higher monthly bills. For example, the clean
up costs from years of nuclear and coal plants are beginning to take their toll. In the state of
Washington, nuclear cleanup and disposal will reach $5 billion ayear (Home Power #81, pg.
113). If cleanup and other hidden costs were factored into the price of distributed energy, a
kilowatt in Americawould cost 30-40 cents (Home Power #81, pg.113).



Based on these facts it becomes evident that |ow-income homeowners who purchase RDI houses
with 1 kW PV systemswill not initially save a great deal of hard cash. However, many will be
pleased with savings of $132.00 a year.

There are other benefits. The education that comes with owning a house with a PV system raises
the awareness of the homeowner about renewable energy and energy efficiency issues. Thereis
also the matter of scale. At thistime PV systems are relatively rare and thus the cost is high.
When more people purchase these systems, the current costs will steadily decline through a
combination of technological advance and manufacturing economies of scale. The end goal isto
make this technology affordable to anyone. Just as the price of calculators and computers
dropped dramatically due to the increase in use, the cost of solar panels will come down as soon
as more people use them (see figure 3). RDI hopes to play a part in bringing these costs down.
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Figure 3: The cost of a one-kilowatt PV system has dropped significantly over the last fifteen years. This chart,
created in 1997, predicts further cost reductions. Source: solarworks.com

Asapublicly visible non-profit organization, RDI would like to set an example to the public.
Most people consider affordable houses as unlikely placesto install solar electricity. But if RDI
installs PV systems on affordable houses, it is hoped that other homeowners and businesses will

follow suit.



Another advantage with the emergence of widespread PV systems is the number of jobs created
by the development of a major new industry, whether in manufacturing or marketing of PV
products and services. RDI would contribute to the local economy by creating jobs for installers.
In addition, RDI has a history of supporting other local companies. Evergreen Solar, Inc. was

chosen to supply the solar modulesin part because they are a 100% M assachusetts based
company.



C) Enhanced Energy Efficiency Options

1) The ‘Photovoltaic’ House
Architect Bill Austin led the Team by designing a new affordable single-family house for the project.
RDI had already extended housing affordability through efficient space planning, construction
efficiencies, use of materials, and sweat equity. This approach has reduced the capital cost of their
homes. Operational affordability due to reduced energy costs has been provided since 2000, through
RDI's participation in the Energy Star Homes program. Each house uses extra insulation, tight
building envelopes, exhaust fans with timer controls, an indirect hot water tank, and an outdoor air
intake to the boiler. Eager to take the next step in green building design, the Team set out to learn
what other features could be incorporated into the houses at reasonable cost. RDI had existing Cape,
Saltbox, and Ranch style house plans. To complement these houses, Bill Austin designed a full two-
story Colonia style house that could easily incorporate photovoltaic panels. All RDI houses arein the
1200 to 1300 square foot range with the three-bedroom model the most popular, and the new design

follows this trend.

LEED Criteria
The Photovoltaic House that Bill Austin has designed is not site specific, but rather will be used on
future appropriate RDI sites. The LEEDS rating system is not officially applicable to single family
homes such as RDI builds, nor isit applicable to a non site specific stand alone house design. That
said, RDI isincluding a LEED’s checklist in this report with the understanding that the list will be
used in those instances where it is applicable. RDI will incorporate as much of the LEED criteriaas

possible.

The LEED Project checklist is divided into six components and is applicable to multifamily housing
or to industrial, institutional, or commercia construction. The components and the way the Design
Team addressed each are:

* sustainable sites— RDI will seek sites with good solar exposure, including infill sites, and

will seek  to control erosion;

» water efficiency — RDI will seek to use water efficient landscaping not requiring



irrigation;

 energy and atmosphere — RDI will seek to use photovoltaic renewable energy systemson
some of the housesiit builds, will optimize energy performance by the use of cellulose
insulation, a high efficiency gas boiler, and enhanced solar gain on south facing windows;

» materials and resources — RDI will seek to minimize construction waste, use materials
with recycled content such as cellulose, and use materials that are manufactured locally
such as the Paradigm windows that are made in Portland, ME;

* indoor environmental quality — RDI will daylight all spaces and use a ventilation exhaust
fan controlled by atimer and based on needed air changes per hour;

* innovation and design — RDI will build the innovative “Photovoltaic House” that allows
for the location of the PV modules to be adapted to varying sites; panels can be installed

facing south, whether on the front or rear roof, on a side porch roof, or on an exterior shed.

In the application for the feasibility grant, RDI envisioned selecting two sites for use with PV’s.
However, until funding is clearly available, RDI cannot afford to leave land it owns undevel oped. If
funding is forthcoming, the most appropriate sites RDI owns at that time will be used. Starting with
existing RDI designs as a basis, Bill Austin designed an affordabl e house that:

* isadapted from the simple regional vernacular forms that use space and materias
efficiently;

* has an appropriate roof pitch to optimize the addition of photovoltaic panels or an
integrated photovoltaic roof system;

* has an appropriate roof structure to support solar panels;

* reduces heat loss through minimizing volume and the area of exterior skin;

* exceeds current Energy Star performance standards;

* islinked to arecognized energy performance standard such as LEED;

* by way of being educational, clearly expresses the sustainable strategies and materials
used to build them; clearly expresses their relationship to their environment: orientation to

the sun, views, prevailing winds, existing architecture, the pedestrian, vehicular, and natural

patterns;

* useslow E glazing;



* creates as beautiful, bright, and supportive a space as possible for inhabitants;
* isnormally oriented with long axis east to west to maximize solar exposure;
* isbuilt of durable materialsto reduce the consumption of materials and energy needed for

repairs over itslife.

Construction, Systems and Materials Considerations:

In designing and locating RDI houses there are many “green” considerations. Those that are
affordable are easily incorporated. Those that are more expensive are not feasible for affordable
houses at this period of history. However, RDI has a heightened awareness of all such considerations

and is committed to utilizing those that are feasible on a case-by-case basis.

Current affordable considerations:
» employs photovoltaic el ectric generation strategies;
» employs passive solar heating strategies;
* promotes efficient heating systems;
» employs natural daylighting strategies,
» employs natural and mechanical ventilation strategies;
 promotes the use of a certain percentage of recycled or waste-stream materials:
o Celluloseg, cotton, or rockwool insulation (very little fiberglass or petroleum
products);
» favors labor intensive building practices over materia sensitive building practices, thereby
putting the emphasis on craftsmanship, traditional local building practices and materias,

supporting higher salaries for workers, and keeping more money in the local economy.

Considerations for the future:
» employs solar heated domestic hot water possibilities;
* requires air-to-air heat exchangers or other methods of providing a steady supply of
freshair;
* encourages that al wood products come from sustainably managed forests certified

by an agency such as the Forest Stewardship Council;



 promotes the use of a certain percentage of recycled or waste-stream materials:

(@)

Recycled gypsum floor underlayment and wall board
Reclaimed lumber

structural steel or aluminum

glass

polyethylene decking and exterior finish materials

o O O O O

paint;

* promotes the use of non-wood renewable building materials such as wheatstraw
and hemp;

 promotes/requires natural or non-outgassing interior finish materials, particularly
carpet and other flooring;

 promotesindoor air quality: use materials with low voc's, uses non-polluting
aternativesto oil based finishes;

* uses materials that readily lend themselves to recycling; requires that all construction
waste be sent to a construction recycling center rather than alandfill.

 promotes the use of local indigenous materials, especially stone and wood products,
which reduces embodied energy costs such as the consumption of fuel in trucking and

keeps dollarsin the local economy;

The newly designed house incorporates a number of the above-mentioned green building features
such as low-E windows, cellulose insulation, and high efficiency boilersto create a comfortable,
energy-efficient living environment. Passive solar gain and day lighting are achieved by placing

oversized windows on the side of the house that faces south.

Due to the input of engineer and Design Team member Ande Nazar, RDI became aware of the
importance of the Solar Heat Gain Coefficient (SHGC) in windows that face south. The low E with
argon windows that are currently being used by RDI, Modern View by Kasson and Keller, have a
SHGC of .54 and a u-vaue of .35. However, RDI’swindow supplier is shifting to Paradigm
windows. The low E Versatec windows RDI will use have a u-value of .33 without argon, but a

SHGC of .34. Therefore RDI plansto use clear glazing on the southern face of each house (with a



SHGC of .60) and continue using low e glazing on the other faces. Thus all of RDI’ s future houses

will benefit from this study.

A main objective of the house design lies in the option to incorporate solar el ectric modules on the
main roof, on the roof of aporch, or on the “Photovoltaic Shed” outbuilding. The house, porches, and
shed have a 7/12 roof pitch to create a 35° slope. A slope of this angle maximizes production of the
modules in the summer months when Massachusetts has the longest days and thus the most solar
gain. In agrid-tied system without battery back up homeowners can expect to see the greatest savings
in their electric costs by maximizing the creation of solar electricity in the summer.

2) High-Efficiency Heating
Bill Austin suggested that the Team should investigate low emissions high efficiency gas heating
systems. RDI has been installing relatively efficient cast iron Smith 8 Series il burning boilers, but
was interested in learning about other possibilities. The Team learned about the fully modulating
Viessmann Vitodens model from Bruce Whittier of Whittier Plumbing and Heating, the company that
normally installs heating systems for the homes that RDI builds. The Vitodens has an automatically
adjusting burner and an AFUE efficiency rating of up to 94%.

Becauseit is fully modulating, the Viessmann Vitodens 200, (see attached literature) only produces
the BTU’ s necessary to heat a house. An outdoor sensor sends information to a computer module
from which the system determines how hot to heat the water. For example, an un-modul ated system
such as the Smith boiler might heat the water to 180 degrees Fahrenheit. When the system reaches
180°F, it cuts off until the water temperature drops to 160°F. It then comes on and again heats the
water to 180°F. This cycle is the same no matter what the outdoor temperature is. The house
occupants are often a bit chilly or abit too warm and may change the thermostat frequently in an

attempt to be more comfortable — thereby using extrafuel.

By contrast, on avery cold morning the Vitodens might heat the water to 170°F. Asthe outdoor
temperature rises during the day, the water temperature in the Vitodens is dropping according to a
pre-selected heating curve. The water temperature could go as low as 110°F. Throughout the day, and

no matter what the outside temperature, the system is maintaining a constant indoor temperature by



modulating the water temperature and flow rate. Thus the occupants are constantly comfortable and
the amount of fuel that is burned isjust what is needed.

The Vitodens burns either natural gas or liquid propane. Bruce Whittier stressed that this model is the
‘big news' in the heating industry. When coupled with an indirect hot water tank, such as RDI
already uses, this boiler can meet the hot water needs for the household.

Payback: Three Year Savings of 92% Efficient Boiler

1,200
1,000+
800

Savings in $

600
400+
200

Non-Condensing 81% Near-Condensing 86% Modulating/ Condensing
Efficient Boiler Efficient Boiler 92% Efficient Boiler

Figure 4 shows that a 92% efficient boiler saves $1,050 ($29/mo) vs. an 81% efficient boiler over a three-year period.
Savings are based on the National Fuel Average and a 2,500 square foot house. Source: Hydronics Specialties Co.
(http://www.2hsc.com/index.html).

As amasonry chimney is not be necessary for agas boiler, RDI can transfer the cost of building a
chimney into the price of the more expensive high-efficiency heating system. Whereas the cast iron
oil heating systems that RDI currently uses require masonry chimneys for ventilation, the exhaust
from gas burners can be vented out the side of the house. RDI pays over $1000 per chimney and
close to $8000 for the cast iron oil heating systems that it currently uses. The Viessmann Vitodens
200 would cost $10,691 installed for the newly designed 1200 square foot “Photovoltaic House”,

approximately $1,691 more than the cost of the currently used chimney and oil heating system
combined.



The Team plans to tackle the extra cost dilemma by asking Viessmann for a discount. Since
Viessmann is normally associated with upper-end customers due to the cost of their products, it
would provide good public relations for them to support an affordable housing project. In
addition, RDI isin aposition to purchase several boilers at atime, which can often lead to a

discount.

RDI is also concerned with the cost of operation, or how much it will cost the low-income
homeowner to pay for heat over the years. The calculations are complicated by the changing
price of oil and gas, the differing amounts of energy produced by oil and gas, and the efficiency
of the boilers. The price of agallon of oil in Franklin County is currently $1.64 while bottled gas
is$1.79. Natural gas cost is historically lower than bottled propane by 10 to 12 %, but isonly
available in afew Franklin County locations. RDI will definitely use the Vitodens when it builds
in natural gas areas, but will need to evaluate the situation for its other homes. Bruce Whittier
suggests that the actual fuel cost savingsis about 20% for any boiler that has an indoor/outdoor
reset control such asthe Vitodens. Although the AFUE rating for the Smith boiler combustion
efficiency is up to 85%, because it is not a modulating system it is difficult to know exactly how
it compares to the fully modulating Vitodens combustion rating of up to 94%. A gallon of oil
produces 140,000 BTU’s at 100% efficiency while agallon of gas produces only 98,000 BTU'’s.
Therefore gasis 30% less efficient in producing BTU’ s, however because the Vitodens saves
20% in fuel over the oil heater, the difference in cost may be negligible.

Another way of looking at it is: if ahouse needs 500 gallons of oil per season, the same house
will need an extra 30% or atotal of 650 gallons of gas to produce the same BTU’s. However less
BTU’s are needed in the fully modulating system. Therefore, with a 20% decrease in the amount
of needed gas, there will be areduction of 130 gallons (650x20%=130) bringing the total gas
needed to 520 gallons per season. At a cost of $931 ($1.79x520) compared to the oil cost of $820
($1.64x500), the extra cost of fuel per season would be $111. Another savings to the homeowner
isin maintenance. While an oil boiler needs an annual cleaning and parts replacement for a cost
of approximately $150 in order to maintain its efficiency, the smpler Vitodens annual check will
cost about $60. Thus the actual extra operating cost of the Vitodens over the Smith boiler will be
approximately $21, a negligible amount. Thisis, of course, based on the estimated fuel cost



savings given by Bruce Whittier, but until better testing of the difference between modulating
and non-modulating systemsis available, these are the numbers we need to use. It appears that
use of natural gas when it is available will actually bring an operational savings to the

homeowner.

The Team is very enthusiastic about the gas boiler because of it’s efficiency plus the fact that it

burns so much cleaner than oil and is thus less polluting to the environment.

3) Cdlulose Insulation
Asaresult of this study, RDI has changed the method of insulating all of the housesit builds. In the
past fiberglass insulation had been used exclusively, dueto its lower cost and the fact that the new
homeowners could be taught to install it. One of the first activities of the Design Team was to take
themselves on a“field trip” to look at PV systems already installed on single-family homesin
Franklin County. In one such house under construction at the time of the visit a unique cellulose
system was seen, which has now been adopted by RDI. Spraying cellulose in walls has been fraught
with a number of problemsin the past:

 wet spray cellulose can take aweek to dry out, causing construction delays,
* wet spray cellulose is problematic when temperatures are below freezing, asit can
freeze;
* dry cellulose blown behind normally installed six mil polyethylene will bulge out and
cause serious difficulty with dry wall installation;
* dry cellulose blown in after the drywall isinstalled has to have holes cut in and
repaired.

The new system is one in which reinforced polyethylene is used and stapled to the side of the studs
instead of to the face. The cellulose is then blown in through holes in the poly, which are
subsequently taped over with “red” tape. The R-valueisincreased from 19 to 21, al cavitiesare
filled, and the resultant system is very airtight. The cost is not excessive compared to fiberglass, and
the new homeowners do still install fiberglass on the cellar ceilings.



D) Funding Opportunities

In order to implement the proposed photovoltaic system and enhanced energy efficiency options, RDI
will need to obtain 100% funding through grants, discounts, in kind contributions, “sweat equity” and
donated labor. RDI works diligently to build a high quality house for low-income buyersin Franklin
County that isfinancially practical. Low-income buyers are those with incomes |l ess than 80% of the
median for the area. A well built, energy efficient, modest 1200 to 1300 square foot house built on
land purchased in the private market with a Title V compliant septic system routinely stretches the
feasible dollar amount to the maximum. RDI is constrained by the maximum costs allowed both by

the government funding organizations and equally by the mortgage amount its buyers can afford.

As part of the Feasibility Study, the Design Team performed an extensive search for funding
opportunities and evaluated these opportunities for their viability. Specificaly, RDI requires a non-
matching grant that covers the majority of all photovoltaic materials and the labor required to install
them. A list of potential organizations was assembled (see appendix), and their advantages and
disadvantages considered. Most of the organizations have strict guidelines that determine where and
how their funds are distributed. Geographic location was one of the obstacles RDI has to overcome to
receive grant funding. While there are organizations that distribute funds to renewable energy
projects, many of them are limited to specific geographic locations across the country. Few grants are
set aside for rural areas. For example, the Fannie Mae Foundation offers grants for affordable housing
organizations, but with afocus on urban neighborhoods. Moreover, they do not supply funds for
specific projects, but instead support successful affordable housing organizations to enhance their

effectiveness.

Another consideration involves the use of received funds. While some grants are allocated
specifically for cost of materials and labor, other grants restrict spending to technical assistance or
research. The Environmental Protection Agency offers a grant for reducing green house gas
emissions from homes and buildings, but they do not cover the cost of materials and labor. Therefore
the research illustrates that the number of possible organizations for RDI’s PV project is quite
limited.



The most viable funding opportunity to pay for photovoltaic on RDI’s affordable houses comes from
the MTC. Asthisreport goesto pressit is unclear whether or not the Commonwealth of
Massachusetts will allow continued funding of MTC projects or whether the Renewable Energy Trust
Fund will be used to help balance the state budget.

The Team was interested to learn whether or not similar affordable housing organizations have
renewable energy programs. Upon learning about the New Y ork State Energy Research and
Development Authority (NY SERDA), Anne Perkins contacted them by email and telephone.
NY SERDA administers the New Y ork Energy $mart™" program. This program provides energy
efficiency services, including those directed at the low-income sector. It offers energy-related
technical and financial packaging assistance to businesses and institutions to promote energy
efficiency and economic development. This financial assistance, most commonly given to PV
installers, isrequired by law to be passed on to homeowners that have PV systemsinstalled.

NY SERDA has coupled the Energy Star Homes program with their renewable energy program
into a Home Demonstration Project. This project is amed at developers of affordable home
subdivisions and will train contractors in Energy Star methods as well as pay up to $20,000 or
100% of the cost for the first grid connected PV system installed in the subdivision (with
subsequent systems incentives of 60-75%). See appendix. If the MTC were to consider asimilar
program, RDI would be interested in participating.

E) Barriersand Obstacles
Acquiring the necessary funds to implement the PV systemsis the biggest challenge at thistime. As
explained above RDI does not have funds to contribute to the implementation of PV systems, thereby
necessitating 100% funding that is not cost-shared. While the MTC is afitting source of grant funds,
RDI would prefer to draw on funds from multiple sources. Several possible funding organizations,

such as the Fannie Mae foundation, require the applicant to match funds.

Another potential barrier isfinding the appropriate building sites for PV systems. The success of the
PV systemsis based on RDI’s ability to acquire land that has adequate southern exposure and is free
of sun-obstructing obstacles such as trees and buildings. The Design Team evaluated several building

sites that RDI owns to determine the potential of installing PV systems on them. The cost of



residential building lots has increased significantly in Franklin County, leaving RDI with the
challenge of purchasing lots that are affordable to both purchase and develop. In addition it can be
challenging to find such lots with adequate solar exposure. Two of the lots that RDI currently owns
are heavily wooded. Additionally, one of these sites abuts protected wetland property, making tree
removal difficult or impossible. At the same time RDI has homes under construction on lots that have
excellent southern exposure. As future lots are purchased they will be carefully evaluated for their

appropriateness for solar electricity.

A final barrier isthe lack of clarity in the Massachusetts Building Code regarding the installation of
photovoltaics. Although PV’ s are an electric system and as such are now addressed in the National
Electric Code (NEC) that is followed in Massachusetts, the mounting structures of the panels need to
be addressed by the Building Code. Although the panels themselves weigh very little compared to
this winter of 2003 snow loads in Franklin County, weight and snow load considerations need to be
addressed as well. Bruce Austin, Inspector of buildings for the town of Greenfield, has raised the
Building Code issue. Without clear codes RDI could be affected by the whim of every Building
Inspector in Franklin County. See attached article on NEC codes.

F) Final Decision

The Design Team believesit is quite feasible to build a*“green” house with 1 kW of solar electricity
that would fit into RDI’ s affordable housing program, provided funding can be found for the
photovoltaic system. We propose to build the “Photovoltaic House” on sites that have good solar
exposure utilizing all of the attributes described above. We propose to build the “Photovoltaic Shed”
where appropriate. We also propose to seek funding, discounts, in kind contributions, “sweat equity”
and donated |abor to pay for the photovoltaic systems.

Asaresult of the study, RDI will include the following in many future houses in order to increase

their “greenness’:

» 1kW photovoltaic systems,
* Photovoltaic sheds, roofs, or porches;

» Low E windows without argon;



» Windows with clear glazing on the southern exposure where there are no shade barriers,
* Blownin dry cellulose in walls (R21) and ceilings (R38);
* High efficiency gas boilers.

With only three percent of the world’s oil reserves to be found in the United States, it has become
apparent that alternatives to dependency on oil must be found. The Design Team is excited about the
prospect of installing PV systems on affordable houses to help in leading the way to |ess dependence
on oil. The Team has designed an innovative PV system that will be reliable, esthetic, safe, and
financially valuable to the low-income families who will benefit from them.

Although the Design Team is challenged by the task of funding the PV systems, it is pleased with the
creative solutions this study has accomplished toward installing such systems on affordable homes. It
is also motivated by environmental interests that outweigh the monetary barriers. Though the
environmental importance of these systems was the driving force of the team’ s efforts, issues of cost
were given realistic and thorough consideration. The Team has achieved an important goal in

designing a PV system of optimal value at reasonable cost.

The Team knows that the PV systems will be of significant value to the homeowners, the

environment, and the public. The benefit of these systems span several prominent issues:

* the electricity produced will reduce greenhouse gas emissions by veering
away from coal and nuclear electric plants;
* the reduced monthly utility bills will provide welcome financial relief for the
low-income families that receive them;
* the price of the solar modules will continue to decline with an increasein
production.
* the implementation of renewable energy reduces our dependence on imported
fuel and improves energy security;
* the PV systems will help the homeowners become immune to fuel-related
shortages and price spikes on their electric hills;

* the implementation of these systems will create jobs and economic growth.



The Team believes that these advantages merit the effort and cost necessary to implement them.
Thereisno lack of enthusiasm, motivation and dedication on the Team’s part, but thereisa
significant need for funding. The final decision was made with this consideration in mind. Without
funding, the proposed PV systems simply cannot happen. But the Team is well aware of this dilemma

and will continue its efforts to overcomeit.

To the best of the Team’ s knowledge, RDI is the only non-profit housing devel oper of affordable
single-family homesin rural Americato offer PV systemsto its new homeowners. RDI has an
opportunity to set the standard in affordable PV installations, and will encourage other
organizations to follow. Building on its success as a developer of energy efficient affordable
houses, RDI is set to develop green houses with renewable energy components.



