FLORIDA SOLAR % ENERGY CENTER’

CONTRACT REPORT

Building America Industrialized
Housing Partnership
(BAIHP)

Annual Report — First Budget Period
April 1, 2006 — February 28, 2007

FSEC-CR-1714-07
April (Revised June) 2007

Compiled by:
Stephanie Thomas-Rees and Subrato Chandra

Submitted to:
U.S. Department of Energy
Cooperative Agreement No. DE-FC26-06NT42767, UCF No. 2012-6034

1679 Clearlake Road, Cocoa, FL 32922-5703 » Phone: 321-638-1000 ¢ Fax: 321-638-1010
www.fsec.ucf.edu

&

A Research Institute of the University of Central Florida




Building America
Industrialized Housing
Partnership

(BAIHP)

Annual Report — Budget Period 1 (BP1)
April 1, 2006 — February 28, 2007

Bob Abernethy, FSEC
Elizabeth Alford, UTSOA
Subrato Chandra, FSEC
Steven Baden, RESNET
Stephen Barkaszi, FSEC
David Beal, FSEC
David Chasar, FSEC
Carlos Colon, FSEC
Wanda Dutton, FSEC
Philip Fairey, FSEC
Ken Fonorow, FLHERO
Andrew Gordon, WSU
David Hoak, FSEC

FSEC-CR-1714-07

Produced by the

BAIHP Team

Tom Hewes, ODOE
Safvat Kalaghchy, FSEC
Mike Lubliner, WSU
Eric Martin, FSEC

Janet Mcllvaine, FSEC
Neil Moyer, FSEC

Mike Mullens, UCFIE
Danny Parker, FSEC
John Sherwin, FSEC
Dennis Stroer, Calcs-Plus
Stephanie Thomas-Rees, FSEC
Rob Vieira, FSEC

Susan Wichers, FSEC

Compiled by Stephanie Thomas-Rees and Subrato Chandra, FSEC

University of Central Florida/ Florida Solar Energy Center
12443 Research Parkway, Suite 207
Orlando, Florida 32826

April (Revised June) 2007

PREPARED FOR THE UNITED STATES
DEPARTMENT OF ENERGY
Under Cooperative Agreement
No. DE-FC26-06NT42767, UCF No. 2012-6034



ABSTRACT

This annual report summarizes the work conducted by the Building America
Industrialized Housing Partnership (www.baihp.org ) for the period 4/1/06 — 2/28/07.
BAIHP is led by the Florida Solar Energy Center of the University of Central Florida. In
partnership with over 50 factory and site builders, work was performed in two main areas
— research and technical assistance.

In the research area -- through site visits and in house laboratory research we worked
with builders educating and training them to adopt solutions to nearly eliminate moisture
related problems. Through testing conducted in housing factories we documented the
value of leak free duct design and construction which was embraced by our industry
partners and has led to prototype research houses featuring interior ducts by two factory
builders. Through laboratory test facilities and measurements in real homes we
documented the merits of “cool roof” technologies and developed an innovative night sky
radiative cooling concept currently being tested. We documented energy efficient home
retrofit strategies after hurricane damage, developed improved specifications for federal
procurement for future temporary housing, compared the Building America benchmark to
HERS Index and IECC 2006, developed a toolkit for improving the accuracy and speed
of benchmark calculations, monitored the field performance of over a dozen prototype
homes and initiated research on the effectiveness of occupancy feedback in reducing
household energy use.

In the technical assistance area we provided systems engineering analysis, conducted
training, testing and commissioning primarily in hot-humid and marine climates. In 2006
we assisted in the construction of over 140 homes that exceed the 30% BA benchmark
goals in hot-humid climates, over 160 homes that are near the 30% benchmark level in
marine climates, over 4,400 Energy Star manufactured homes in the Pacific Northwest
through the manufacturers participating in the Northwest Energy Efficient Manufactured
Home program and over 19,000 other energy efficient manufactured homes by partners
Palm Harbor Homes, Fleetwood and Southern Energy Homes. The estimated energy
savings from these homes constructed in 2006 is over 209,000 million Btu/year and the
estimated savings in utility bills to consumers exceed $3,600,000/yr. We worked with
over twelve Habitat for Humanity affiliates / programs and helped them build over 83
Energy Star or near Energy Star homes. We have provided technical assistance to several
show homes constructed for the International Builders” Show in Orlando, FL and assisted
with other prototype homes in cold climates that save 40% over the benchmark reference.
In the Gainesville, Fl area we have several builders that are consistently producing 15 to
30 homes per month in several subdivisions that meet the 30% benchmark savings goal.
We have contributed to the 2006 DOE Joule goals by providing two community case
studies meeting the 30% benchmark goal in marine climates.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States government. Neither the United States government, nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
government or any agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States government or any agencies
thereof.
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INTRODUCTION AND SUMMARY

This annual report summarizes the activities of the Building America Industrialized
housing Partnership (BAIHP, www.baihp.org ) for the first budget period (BP1) spanning
4/1/2006 — 2/28/07. BAIHP is one of several U.S. Department of Energy (DOE)
sponsored Building America teams (www.buildingamerica.gov) that perform cost shared
activities to develop and deploy systems engineering based solutions to enhance the
energy efficiency, comfort, durability of new and retrofit, site and factory built housing in
the U.S.A.

The BAIHP team is led by the University of Central Florida’s (UCF) Florida Solar
Energy Center (FSEC) in collaboration with UCF Industrial Engineering (UCFIE) and
other subcontractors Washington State University (WSU), Oregon Department of Energy
(ODOE), University of Texas at Austin School of Architecture (UTSOA), Florida Home
Energy and Resources Organization (FLHero), Residential Energy Services Network
(RESNET) and Calcs-Plus, and leaders from the housing industry that build over 100,000
homes/yr.

This BAIHP team was formed as a result of a competitive solicitation issued by DOE-
NETL (www.netl.doe.gov) in 2005. It is a successor to the previous BAIHP team also
selected competitively in 1999.

The overall objective of the BAIHP project is to conduct cost shared research to
accelerate the nationwide development of cost effective, production ready energy
technologies that can be widely implemented by factory and site builders to achieve 30%
to 50% savings in whole house energy use through a combination of energy efficiency
and renewable energy measures. BAIHP will focus on factory builders (HUD code,
Modular and Panelized), the housing segment not emphasized by the other BA teams.
However, BAIHP will also work with site builders (primarily production and affordable
housing) to explore synergies between the different housing segments, yielding a greater
impact on the entire U.S. housing industry. BAIHP will employ BA systems engineering
principles to enhance the energy efficiency, comfort, durability, indoor air quality,
insurability, affordability, marketability and construction productivity of U.S. housing.

BAIHP’s Goals

1. Perform cost shared research to reduce the energy cost of housing by 30% to 70%
while enhancing indoor air quality, durability, resource efficiency and
marketability.

2. Assist in the construction of thousands of energy-efficient industrialized houses
annually and commercialize innovations.

3. Make our partners pleased and proud to be working with us.



What is industrialized Housing?
Industrialized housing encompasses much of modern American construction including:

. Manufactured Housing — factory-built to the nation wide HUD Code

. Modular Housing - factory-built, site assembled modules meeting local code

. Panelized/kit Housing — factory produced sub-assemblies put together on site
to meet local codes

. Production Housing - site-built systematically, factory built components

Manufactured Homes are one of the most affordable types of single-family detached
housing available anywhere in the world, generally costing less than $35/ft* plus land
costs for centrally air conditioned and heated homes with built-in kitchens. Available in
all parts of the country, manufactured homes are more popular in rural areas and in the
southern and western US where land is still plentiful. Modular homes accounted for about
2% of 2005 housing starts. Many HUD Code home producers offer modular homes also
which are built to local codes and take advantage of many factory production benefits.

Industry Partnerships

BAIHP has partners in many stakeholder groups of the U.S. housing including HUD
Code home manufacturers; modular, multifamily, and production site builders; product
and material suppliers. Research organizations and other non-profits have worked with
BAIHP to collaborate on field work, ventilation studies, ASHRAE committee work, and
training. Table I-1 lists current and past BAIHP Project Industry Partners. The
geographic distribution of our partners is depicted on the map in Figure I-1. Industry
Partners list is kept updated at http://www.baihp.org/partners/index.htm

Table 1-1 BAIHP Industry Partners (Present and Past)

HUD Code Home Manufacturers
Cavalier Homes Homes of Merit
CAVCO Industries LLC Karsten Company
Champion Homes (Redman) Kit Manufacturing
Champion Homes (Silvercrest) Liberty Homes
Clayton Homes Marlette Homes
Fleetwood Homes Nashua Homes
Fuqua Homes Oakwood Homes
Golden West Homes Palm Harbor Homes
Guerdon Enterprises Skyline Corporation
Hi-Tech Homes Southern Energy Homes
Homark Homes Valley Manufactured Housing
Homebuilders North West Western Homes

Modular and Panelized Builders




Avis America Homes
Cardinal Homes
Discovery Homes
DuKane Precast Inc.
Epoch Corporation
Excel Homes
General Homes

Genesis Homes
Nationwide Homes

Penn Lyon Homes

Royal Concrete Concepts
The Homestore

Trinity Construction Corp.

Production Builders

All America Homes

American Energy Efficient Homes &
Investments Inc.

AMJ Construction

Arvida Homes

Atlantic Design and Construction

Bobek Building Systems, Inc

Cambridge Homes

Centex Homes

Dye Company

DR Horton

G.W. Robinson Builder

New Generation Homes by Kingon Inc.
On Top of the World

Patrick Family Housing, LLC
Pringle Development

Podia Construx

Regents Park (Condominiums)
Rey Homes

Tommy Williams Homes

WCI Communities
Winton/Flair Homes

GMD Construction Co.

Affordable Housing Builders

East Dakota Housing Alliance
City of Gainesville, FL

City of Lubbock, TX

City of Orlando, FL

Habitat for Humanity International

Homes in Partnership

HKW Enterprises

Miami-Dade Hope VI Project
Sandspur Housing (Apartment builders)
Williamsburg (townhouses)

Custom Builders

All America Homes of Gainesville, Inc.
Energy Structures & Systems, Inc.
Fallman Design and Construction

L.F. Custom Homes

Marquis Construction & Development, Inc
New Generation Homes by Kingon Inc.

Pruett Builders, Inc.
Rainier Construction, Inc.
Scott Homes

Spain Construction

Stitt Energy Systems
Timeless Construction

NatMax

Developers

Castle & Cooke

East Bay Development Company of FL
LLC (Formerly Midgard Associates)

Kashi Church Foundation, Inc.

Research, Education, and Industry Association Partners

Auburn University School of Architecture
Building Science Consortium

Northwest Energy Efficient Manufactured
Housing Program (NEEM)




Florida Green Building Coalition

Florida International University, 2005 Solar
Decathlon Team

Florida Solar Energy Research and
Education Foundation

IBACOS, New American Home (Goehring
Morgan Construction)

Not-So-Big-House, (Sarah Susanka, AlA)

Pacific Northwest National Laboratory

Portland Cement Association

RADCO, Inc

RESNET

Structural Insulated Panel Association

Stevens Associates (Home Ventilation
Institute)

Washington Manufactured Housing Assoc

Climate Zones
Hot-Humid

= Mixed-Humid

= Hot-Dry

= Mixed-Dry

i Cold

I \ery Cold

== Marine

_ BAIHP Site Builder Partners

B Habitat Affiliates
@ Site Builders

% Community Scale Site Builders

A Other Affordable Housing Site Builders

Figure 1-1 BAIHP Research and Technical Assistance Sites




In BP1 the BAIHP team conducted activities in four major task areas:
Task 1: System Evaluations

Task 2: Prototype House Evaluations

Task 3: Community Scale Evaluations

Task 4: Other Activities

The activities in each area are summarized below:

Task 1: System Evaluations

Subtask 1.1 Improved Duct Systems

In BP1 BAIHP began working with two manufactured housing partners -- Cavalier Homes
and Southern Energy Homes on two different approaches to interior duct system designs to
bring all duct work inside the thermal envelope. A prototype was produced by Cavalier
Homes featuring high side discharge with floor trunks. This home on a dealer lot is
instrumented and data has been available since late November 2006. Data is available online
at http://www.infomonitors.com/hsd/ . Prototype performance is excellent.

In addition began discussions with partner Southern Energy Homes to construct another
prototype home with interior ceiling soffit duct system. Both manufacturers are looking at
alternate methods of crossover duct connections where that duct is also located within the
conditioned space. Each has prototyped marriage line connections that eliminate crossover
ducts in the crawlspace.

e ]

Figure 1-2 Floor duct system with high side  Figure I-3 Interior view of prototype
discharge outlets under construction being  house with high side discharge outlet
tested with duct tester



Subtask 1.2 Factory Integrated HVYAC/DHW Systems

BAIHP team member DeLima Associates is currently developing an integrated space
heating, cooling, water heating and air distribution system for HUD-Code manufactured
housing, to be installed at the manufactured housing factory, eliminating site work. A
prototype Comboflair unit manufactured by Unico system was installed in a model center
Palm Harbor Home in Austin, TX. This home was unoccupied and FSEC designed and
installed an automated system to generate interior sensible and moisture loads. FSEC has
been monitoring data since January 2006. Data was posted online in a password protected
website.

Subtask 1.3 Ventilation and Dehumidification

Advanced Cooling with Dehumidifier Mode (ACDM) equipment Evaluation

The FSEC Manufactured Housing Lab (MHLab) was used to conduct research
associated ventilation and dehumidification. We partnered with Building Science
Corp.(BSC) and evaluated their Advanced Cooling with Dehumidifier Mode
(ACDM) equipment. This system was conceived in 2001 in an attempt to research
ways to make a standard split-system cooling machine function as both a normal
cooling machine and a dehumidifier. Instrumentation, data collection and equipment
troubleshooting was performed by FSEC in BP1. Good data was collected at 1 min
intervals and put on the FSEC web system for access by BSC.

Humidity Liability Evaluation of ASHRAE 62.2

The other major BP1 project conducted in the MHLab was an evaluation of the
humidity liability of ASHRAE 62.2 level of mechanical ventilation (ASHRAE62.2,
2004). During Nov 2006 — Feb 2007 the MHLab operated three types of whole house
mechanical ventilation -- None, 62.2 (which is 46¢cfm continuous for this house) and
run time vent with 62.2 vent rate, i.e. 46 cfm supplied only when the heating or
cooling system operated. Later experiments conducted in December and January
showed that interior RH levels continued to stay high for no vent and run time vent
cases, as well. The results for run time vent were unexpected as field data from a
larger home in Ft. Myers, FL. with run time vent and occupied by a family of four
showed good results. More research needs to be conducted to determine the humidity
liability of ASHRAE 62.2 level of mechanical ventilation.

Subtask 1.4 Fortified® HUD Code Homes

In 2005 FSEC was asked to participate in the Institute for Business and Home Safety (IBHS)
technical committee for HUD code homes. However, no significant activity occurred in this
task area during BP1.



Subtask 1.5 Plug Load Reduction

Homes around the world currently have no means to judge household energy use other than
their monthly utility bill. Unfortunately, this does not readily provide insight as to how or
where the energy is being used. Existing studies show that providing direct instantaneous
feedback on household electrical demand can reduce energy consumption by 10-15%.
Reducing and shifting electrical demand is particularly important in Zero Energy Homes
(ZEH), where it would be desirable to match solar electric PV output with household loads.
To obtain current data on the magnitude of savings that can be expected, 23 homes have been
fitted with a real time energy feedback device called “The Energy Detective” (TED) which
costs ~$150. This is a small display unit, plugs into the wall and provides output on a digital
display. In Miami, one user reported savings of 13% on their January bill.

The local NBC affiliate in Miami has taken a strong interest in this research and has
broadcasted the results and made it available on the net, see
http://www.nbc6.net/video/11081023/index.html

Subtask 1.6 Setup and Finish Processes for Modular Homes

This task was conducted by the Housing Constructability Lab (HCL) of the UCF Industrial
Engineering Department (UCFIE). Two activities were undertaken by the HCL group for two
builders — Royal Concrete Concepts and Habitat for Humanity and the complete reports are
included in Appendix A.

Royal Concrete Concepts

Royal Concrete Concepts (RCC) produces innovative concrete modules for both
residential and commercial markets throughout Florida. RCC currently operates a mid-
size, unenclosed production operation in West Palm Beach. The existing plant consists of
four production “lines” supported by various uncovered storage areas and small enclosed
stockrooms. The plant can produce a maximum of four modules per day. To meet
increasing demand, RCC is developing a new high-volume plant in nearby Okeechobee,
increasing production capacity by 2.5 times. The HCL research team was tasked to
identify and develop innovative concepts for the supply chain — stretching from
construction material vendors, through the warehouse, to the production line. To
maximize impact, the scope was limited to three critical materials: rebar, polyethylene
foam and steel interior/exterior studs. A summary of this research with recommendations
was issued to the RCC senior management team. Assistance continues with RCC’s new
plant.

Habitat for Humanity

In March 2006, the UCF research team initiated efforts to assist Habitat for Humanity’s
Operation Home Delivery in the design of Habitat's first modular housing factory. The
factory was envisioned as a high volume delivery method to replace homes destroyed by
Hurricane Katrina. All designs were developed collaboratively with Habitat personnel in
a series of workshops hosted at UCF. The team also recommended changes to the floor
plans of the new modular home designs, making them more compatible with




conventional home designs. Work was completed by summer 2006 but Habitat decided
not to follow this path of modular housing factories.

Subtask 1.7 Green Products and Processes

BAIHP Organized and moderated a conference session on this topic (identify and document
green aspects of HUD code and modular manufacturer products as they relate to achievement
of Building America performance goals and green certifications). This was at the
GreenTrends conference. After receiving DOE feedback, this task area was of not high
interest and efforts in this subtask were discontinued. Instead activities were pursued so that
our builder partners could participate in existing green programs as they desired. We assisted
partners to obtain such certifications including USGBC LEED-Homes, Florida Green Home
Designation Standard, and Enterprise Foundation Green Communities.

Subtask 1.8 Cool Roofs

The Flexible Roof Facility (FRF) is a test facility in Cocoa, Florida designed to evaluate five
roofing systems at a time against a control roof with black shingles and vented attic. Since
1989 the testing has evaluated how roofing systems impact summer residential cooling
energy use and peak demand (Parker et al. 2005). In May of 2006 DOE recommended
against conducting further research in this area as part of the FY07 AOP review process.
BAIHP diverted efforts and continued testing for evaluation of various attic ventilation rates
and their impacts on attic thermal performance. Data collection and facility maintenance
continued but analysis has not been complete to date.

Subtask 1.9 Night Cool

Using a building’s roof to take advantage of long-wave radiation to the night sky has been
long identified as a potentially productive means to reduce space cooling in buildings. The
night cooling resource is large and enticing for residential energy-efficiency applications.
Problems, limitations, solutions and data collection are researched and explained using
instrumented side-by-side 10' x 16' test buildings located at the Florida Solar Energy Center.

During BP1 performance of NightCool was evaluated under both summer and autumn
weather conditions. Daily NightCool system Energy Efficiency Ratios (EERs) averaged 31.0
Btu/Wh over the four summer-to-fall test periods — in line with simulations conducted earlier.
The nightly system EERs varied from a low of 23.2 to a high of 43.2 Btu/Wh, the highest
performance being seen during tests with higher return air temperatures and during periods
with cooler and clearer nighttime conditions. As expected, performance was worse under
cloudier humid conditions. Cooling rates also varied over the course of each evening,
generally improving to a maximum point in the pre-down hours. The maximum nightly EERS
varied between 35.4 (warm cloudy evening) to 69.1 Btu/Wh (clear and more cool



conditions). In all cases, this level of performance compared favorably to an EER for the
vapor compression air conditioner of about 9 Btu/Wh.

We plan to continue experimental and analytical work on the NightCool concept throughout
2007 concentrating on improving the dehumidification performance of the concept and
collecting data for a wide variety of operating conditions. We have submitted a report to
DOE titled, “Experimental Evaluation of The NightCool Nocturnal Radiation Cooling
Concept: Progress Report: Initial Thermal Performance Assessment of Test Buildings,” and
progress detailed in additional report available online at:
www.fsec.ucf.edu/en/publications/pdf/FSEC-CR-1692-07.pdf

NightCool *

Building Integrated
Cooling System

Subtask 1.10 Solar Integrated Roofing Panels

This subtask was performed by one of our subcontractors — University of Texas at Austin,
School of Architecture (UTSOA). UTSOA focused on developing scenarios for two different
modular houses and testing options for photovoltaic arrays for both. They analyzed type,
size, cost, energy production, ease of installation and public acceptance for both differing
scenarios. The two models developed were The Back Home and The Bloom Home.
UTSOA’s complete report is included in Appendix B:



The Back Home

This is a house that could be rapidly deployed, but provide permanent affordable housing
in areas of need. This model was developed in response to FEMA’s Alternate Housing
Pilot Program requirements, issued September 15, 2006. It is designed to meet health and
safety requirements for hurricane prone areas. The house is 700 square feet and has one
bedroom and one bath.

MR

R

Figure I-5 The Back Home design strategies

The Bloom House

This is an evolution of the University of Texas Solar Decathlon 2007 competition house,
designed to be marketed as part of an urban infill development to a median income
family in Austin, Texas. This model is 1300 square feet, with three bedrooms and two
baths. UTSOA designed the development layout as part of a conservation development in
central Austin to test a strategy for implementation of photovoltaics in the larger housing
market.

Figure 1-6 The Bloom House conceptual design
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Subtask 1.11 Related Systems Research

This section reports three subtasks carried over from the previous BAIHP project which
ended in June, 2006. These tasks were all completed by September 2006 and reports were
issued which are available online. The final report for the previous BAIHP project also
summarized the efforts in these subtasks in the report submitted in October 2006 and
available online at http://www.baihp.org/pubs/finalrpt/index.htm. A presentation on the
report findings were made at the International Builders Show in February, 2007.
Consequently we provide only brief notes on these carryover tasks in this report:

Retrofits of hurricane damaged homes (carryover task)

Task completed and report issued in September 2006.

Chasar, D., Moyer, N., and Martin, E., 2006. “Energy Efficient Renovation of
Storm Damaged Residences — Florida Case Studies,” FSEC-1648-06, Florida
Solar Energy Center, Cocoa, FL. September, 2006.

Report available online at http://www.baihp.org/pubs/deliverables/hurricane-
retrofits9-13-06.pdf

Specifications for Improved FEMA homes (carryover task)

Task completed and report issued in September, 2006.

Thomas-Rees, S., Chandra, S., Barkaszi, S., Chasar, D. and Colon, C., 2006.
“Improved Specifications for Federally Procured Ruggedized manufactured
Homes for Disaster Relief in Hot/Humid Climates,” FSEC-CR-1645-06,
Florida Solar Energy Center, Cocoa, FL. September, 2006.

Available online at
http://www.baihp.org/pubs/ImproveSpecificHomes/contract_report.pdf

Water Intrusion in Central FI Homes (carryover task)

Task completed in and report issued in August , 2006.

Mullens, M., Hoekstra, R., Nahmens, I., and Martinez, F., 2006. “Water Intrusion in
Central Florida Homes During Hurricane Jeanne in September 2004,” UCF
Housing Constructability Lab, University of Central Florida, Orlando, FL.
August, 2006.

Available online at
http://www.baihp.org/pubs/deliverables/WaterIntrusionReport8-21-06.pdf

HUD-Code Energy Star Testing/Research (PHH co funding)

In addition to the carry over tasks, we provided technical assistance to Palm Harbor
Homes under cost shared funding received from them to certify their HUD code
Energy Star Homes and modular Energy Star homes.

11



Task 2: Prototype House Evaluations

In this section BAIHP document our efforts in providing design and technical assistance.
BAIHP have also been instrumental in coordinating partnerships between organizations
requesting help, renewable energy manufacturers and our prototype building partners. These
prototypes can and have led to reproductions and/or case studies for community designs. In
some projects the prototypes have been instrumented and the data analyzed to provide
comparative statistics and evaluations. Three activities within this task are detailed in this
section of the report.

Subtask 2.1A High Performance Prototype Homes Design Assistance

Locations — North Carolina, Arizona, Florida, Texas, Nebraska, Minnesota, North Dakota,
Wisconsin

Developers, Builders and Organizations — Castle Cook, WCI, Richard Schackow, Don
Ferrier, GMD Construction, Rainier Construction, Armed Forces Foundation, PATH, Habitat
for Humanity, Federation of American Scientists, Marquis Construction, Selkirk Homes,
Royal Concrete Concepts, Homark Homes, Southern Energy Homes, Cavalier Homes, ZCS
Development, East Bay Development, Homes in Partnership

Number of Homes consulted on in BP1 total = 54: Castle Cook - 1, WCI - 1, Richard
Schackow - 20, Don Ferrier — 1, GMD Construction — 3, Rainier Construction - 2, Armed
Forces Foundation - 2, PATH — 1, Federation of American Scientists — 1, Marquis
Construction — 3, Selkirk Homes — 10, Royal Concrete Concepts - 1, Homark Homes -1,
Southern Energy Homes - 1, Cavalier Homes — 1, ZCS Development - 1, East Bay
Development - 3, Homes in Partnership — 1

Energy Savings Range — Greater than Energy Star, Benchmark Savings (source energy) -
30% to 80%

Subtask 2.1B Instrumented Monitoring of Prototype Homes

Locations — Florida, Washington, West Virginia

Developers, Builders and Organizations — Solar Homes of Florida, Sierra Lakes, Scott
Homes, Garst Homes, Habitat for Humanity

Number of Homes instrumented and monitored in BP1 total = 6: Solar Homes of Florida
- 2, Sierra Lakes - 1, Scott Homes - 1, Garst Homes - 1, Habitat - 1

Energy Savings Range — Greater than Energy Star, Benchmark Savings (source energy) -
30% to 60%
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Subtask 2.2 International Builders’ Show High Performance Prototype Homes Design
Assistance

Location — Orlando, Florida

Developers, Builders and Organizations — National Association of Home Builders
(NAHB), Palm Harbor Homes, TNAH builder, Renewed Home Builder, Charlie Clayton
Construction

Number of Homes consulted on in BP1 total = 7: National Association of Home Builders
(NAHB), Palm Harbor Homes, TNAH builder, Renewed Home Builder, Charlie Clayton
Construction

Energy Savings Range — Greater than Energy Star, Benchmark Savings (source energy) -
30% to 60%, HERS Index Averages — 71.8* (Note HERS Index for Energy Star is 85 in this

climate)
*2006 show homes were rated with EnergyStar scores, these were converted to Index to compute average

Figure 1-7 The New American Home 2007

& d

Figure 1-9 IBS Show Home 2007 Figure 1-10 IBS Show Home 2008
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Task 3: Community Scale Evaluations

In this section we document our efforts in providing technical assistance to builders that are
building entire communities of high performance housing in hot-humid and marine climates.
Cost and market analysis have been performed for the hot, humid climate homes. The simple
payback for the energy upgrades are in the range of 4 to 5 years. Market analysis of
comparable homes indicate that the Building America builders are extremely cost conscious
and are able to sell their homes at a price comparable to or less than the competition who sell
typical homes close to code minimum levels of energy performance. The report describes in
case study format the BAIHP work done in partnership with G.W. Robinson Builders and
Tommy Williams Homes respective to community scale evaluations in hot humid climates. It
also includes a summation of lessons learned and ongoing challenges in achieving the
systems engineering approach to new home construction in hot, humid climates. WSU is
working with Building America partners Oregon Department of Energy (ODOE), Champion
Homes and Equity Residential in an effort to build over 850 energy efficient modular homes
at Fort Lewis Army base in Washington State and details of their community scale
evaluations in marine climate detailed in this section of the report, as well as, in WSU'’s
annual report included in Appendix D.

Subtask 3.1 Hot Humid Climate

Location — All are in the area of Gainesville, FL. Alachua county.

Developers and Builders — G.W. Robinson Builders and Tommy Williams Homes

G.W. Robinson communities — Cobblefield, Turnberry Lake and Garison Way

Tommy Williams Homes Communities — Longleaf Village and Belmont

Number of Homes built in 2006 : G.W. Robinson — 101, Tommy Williams — 41

Energy Savings Range — Greater than Energy Star, Benchmark Savings (source energy) -
36% to 40%, HERS Index Averages — G.W. Robinson (~65), Tommy Williams (~70) (Note
HERS Index for Energy Star is 85 in this climate)

Subtask 3.2 Marine Climate

Location — All homes are in Fort Lewis, WA (South of Tacoma, North of Olympia)
Developer — Equity and Lincoln Properties

Builder — Champion Homes of Oregon (a Modular builder)

Number of Homes built in BP1 - 167

Energy Savings Range — Energy Star level (per letter agreement from EPA). Benchmark
Savings (source energy) — 25% to 30%

14



Task 4: Related Activities

Subtask 4.1 Habitat for Humanity Partnership

BAIHP has had a very productive relationship with Habitat for Humanity (HFH) and various
local affiliates spanning over 10 years. In BP1 we assisted the following affiliates and
supported various HFH programs like construction training, standard development
performance testing. Each activity BAIHP participated in is explained in the subsection
subtask 4.1 of this report. A brief summation of the activities are:

Habitat for Humanity International (HFHI)

BAIHP assisted in specifying efficient specifications and proper construction
techniques and we were instrumental in the development of HFHI’s Construction
Standards which were released November 2006.

Habitat for Humanity International (HFHI) Home in a Box

BAIHP assisted HFHI’ s department of construction and environmental resources and
the new operation home delivery department in developing Home in a Box program
to provide a kit of parts deliverable to the Gulf States to help relieve housing and
labor shortages due to Hurricane Katrina.

2007 Jimmy Carter Work Project, Los Angeles, CA

BAIHPsc21) also provided training at national and regional conferences, focus builds,
and “blitz” builds which included site testing in Florida, West Virginia, Colorado,
Tennessee and other states mentioned in the report.

Lakeland, FL — 10 homes

This Habitat builds one of the highest performing homes among all affiliates
consistently building homes above the 30% BA benchmark level. Homes were tested
and rated by BAIHP in BP1.

Indian River County, FL — 4 homes
Worked with this affiliate and WCI homes to train and test 4 homes in partnership
with a volunteer energy rater

Pinellas County, FL (PCHHFH) — 3 homes

BAIHP visited to evaluate their current construction techniques related to energy
efficiency and make recommendations for a future construction project consisting of
1200 ft® per unit triplexes. The HERS Index as tested were EnergyStar compliant, 80,
83 and 84 (85 or less is EnergyStar certified). Two of Pinellas County HFH
construction supervisors attended the training in Gautier, MS.
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Baton Rouge, LA — 15 homes

In partnership with Habitat for Humanity International, Palm Harbor Homes and
Oprah Winfrey conducted preliminary analysis, testing and Energy Star certification
of 15 homes for the Baton Rouge Habitat for Humanity.

Gautier, MS — 4 homes
In partnership with Habitat for Humanity International and the local Habitat BAIHP
conducted hands on energy efficiency training and participated in building 4 homes.

Dothan, AL — 12 homes
In partnership with Palm Harbor Homes and Oprah Winfrey conducted testing and
Energy Star certification of 12 homes for the Dothan, AL Habitat for Humanity.

New Orleans, LA and the entire Gulf Coast - +20 homes

BAIHP developed partnership with the New Orleans, LA Global Green office to
provide technical assistance (both by phone, email and in the field) to HFH affiliates
and HFHI field staff.

Michigan Affiliates - +10 homes

A report was prepared in August 2006 and transmitted to Michigan affiliates
summarizing recommendations to improve energy efficiency and indoor air quality in
cold climate Habitat homes.

Olympia, WA — 3 homes

BAIHP assisted HFH on a 15 unit cottage project in Olympia, WA (3 completed in
BP1). The goal is to achieve the 40% BA benchmark savings using a tankless gas
combo hydronic floor heating system with ICFs and advanced framed 2x6 walls with
R5 foam sheathing.

W e 4
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|gure I-11 HFH olunteers in home Figure I-1 Housto
performance testing training Humanity Partner
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Subtask 4.2 Northwest Energy Efficient Manufactured Home (NEEM) Program
Support

Oregon Department of Energy (ODOE) staff performed quarterly factory inspection visits,
inspected problem homes, developed in-plant quality assurance detailed inspection manuals
and periodically upgraded the standards to higher levels of energy efficiency. NEEM adopted
the Oregon Residential Tax Credit standard for duct leakage as an airtight duct standard. The
new NEEM standard is that total or net duct leakage shall not exceed 0.06 cfm50 X the floor
area served by the system or 75 cfm50, whichever is greater. Ten out of 10 Oregon plants,
four out of five Idaho plants, and one out of two Washington plants test all duct systems in
each floor to ensure low leakage ducts using testing equipment. Other activities are
explained in detail in subtask 4.2 of the report. Figure E-12 illustrates the number of homes
built to NEEM standards and Energy Star compliancy during BP1.

ENERGY STAR produced April 1, 2006 to February 16, 2007

Northwest Energy Efficient Manufactured Homes

ENERGY STAR Gas 1,263
ENERGY STAR Electric 3,177
Total 4,440
Table E-1

Subtask 4.3 BA Program / Analysis Support

In this subtask we assisted NREL in the continued refinement of the Benchmark calculation
methodology and BEOpt analysis tools through email exchanges and participation in
conference calls.

We also conducted two subtasks carried over from the previous BAIHP project which ended
in June, 2006. These tasks were all completed by September 2006 and reports were issued
which are available online. The final report for the previous BAIHP project also summarized
the efforts in these subtasks in the report submitted in October 2006 and available online at
http://www.baihp.org/pubs/finalrpt/index.htm . The descriptive report titles and web links for
the reports follow:

Fairey, P., Colon, C., Martin, E., and Chandra, S., 2006. “Comparing Apples, Oranges and
Grapefruit: An Analysis of Current Building Energy Analysis Standards for Building
America, Home Energy Rating and the 2006 International Energy Conservation Code,”
FSEC-CR-1650-06, Florida Solar Energy Center, Cocoa, FL. September, 2006. Available
online at http://www.baihp.org/pubs/deliverables/BA-HERS-IECC_9-12-06.pdf

Vieira, R., Gu, L., Sen Sharma, R., Colon, C., and Parker, D., 2006. “Improving the
Accuracy and Speed for Building American Benchmarking,” FSEC-CR-1651-06, Florida
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Solar Energy Center, Cocoa, FL. September, 2006. Available online at
http://www.baihp.org/pubs/deliverables/ImprovingBenchmarkCalcs9-27-06.pdf

Subtask 4.4 System Research Completion Report

Participated in conference calls and prepared two case studies for the 30% marine report —
NEEM program and NOJI Gardens. Details are found in the report issued by NREL.
Subtask 4.5 Documentation, Resource Development and Related Activities

The BAIHP team published 11 papers at various conferences and in addition prepared 10
contract reports. Over 25 presentations were made at various national and regional venues.

The details are provided in the References section.

The web page www.baihp.org continues to be updated and revised periodically. All
published papers and reports are placed on line.

BAIHP personnel from WSU (Lubliner) served as a co-chair for national conference ACEEE
2006 and BAIHP researchers continue active participation in ASHRAE, including working
with other BAIHP partners to co-author five papers for the June 2007 ASHRAE symposium.
In addition, Lubliner acted as chair of both the TC 6.3 Forced Air Systems subcommittee,
and the Proposed Standards 193P committee. BAIHP researchers also participated on
ASHRAE 62.2 committee activities, TC 9.5, and a coordinated effort between ASHRAE and
ARI on latent cooling options. BAIHP staff also served as a judge for the NAHB-RC EVHA
awards and on NFPA mechanical committees to provide input to HUD for updating
manufactured housing standards.

RESNET activities
In BP1, subcontractor RESNET (www.resnet.us) worked in four main areas
e created a RESNET - Building America- Habitat for Humanity partnership to
encourage raters to volunteer with Habitat affiliates around the country to build
energy efficient homes. Details available at
http://www.natresnet.org/rater/partnership/default.htm
e documented examples of high performance homes that are eligible for the $2,000 tax
credit. Details at http://www.resnet.us/taxcredits/examples/default.aspx
e participated in preparatory activities for the DOE National Builders Challenge
proposed initiative
e developed policy that was passed by the RESNET board to encourage financing of
high performance homes.

Steering Committee Meeting- Feb 6, 2007

FSEC hosted a meeting of industry partners to obtain input on current and planned FY07
BAIHP research activities from 9am-4pm at FSEC February 6, 2007. Steve Chalk, Ed
Pollock and Bill Haslebacher attended from DOE. About 20 builder and industry members
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as well as representatives of NREL and LBNL attended the meeting. Presentations were
made by task leaders and subcontractors and may be downloaded from
http://fsec.ucf.edu/download/br/baihp/2007steering/

Apart for some quick questions to clarify content, no significant comments were received on
the presentations. The steering committee had no problems nor major suggestions to change
the planned BAIHP FYO07 work.

Program Impact

BAIHP concentrates its work in hot-humid and marine climates but is active in most regions
of the U.S. as shown in the map above (Figure I-1). In 2006 we assisted in the construction of
over 140 homes that exceed the 30% BA benchmark goals in hot-humid climates, over 160
homes that are near the 30% benchmark level in marine climates, over 4,400 Energy Star
manufactured homes in the Pacific Northwest and over 19,000 other energy efficient
manufactured homes by partners Palm Harbor Homes, Fleetwood and Southern Energy
Homes. The estimated energy savings from these homes constructed in 2006 is over 209,000
million Btu/year and the estimated savings in utility bills to consumers exceed $3,600,000/yr.
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SECTION 1-TASK 1: SYSTEM EVALUATIONS
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Subtask 1.1 Improved Duct Systems

It has been known for a long time that leaky ducts in residential attics are a major cause of
excessive energy use in hot humid climates (Cummings et al. 1991). Leaky ducts in
manufactured housing can contribute to mold growth, soft drywall and comfort problems in
addition to high cooling and heating energy use (Moyer et al. 2001).

In BP1 we began working with two manufactured housing partners -- Cavalier Homes and
Southern Energy Homes on two different approaches to interior duct system designs to bring
all duct work inside the thermal envelope. A prototype was produced by Cavalier Homes
featuring high side discharge with floor trunks. This home on a dealer lot is instrumented and
data has been available since late November 2006. Data is available online at
http://www.infomonitors.com/hsd/ . Prototype performance is excellent. Temperature
uniformity was established by infrared scan (Figures 1-1 through 1-4)

Figure 1-1 Floor duct system with high Figure 1-2 Interior view of prototype house
side discharge outlets under construction with high side discharge outlet
being tested with duct tester

11/ 9/06 5:48:04 PM

Figure 1-3 Cavalier Prototype under test ~ Figure 1-4 IR scan showing temperature
uniformity inside the prototype
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In addition we began discussions with partner Southern Energy Homes to construct another
prototype home with interior ceiling soffit duct system. Both manufacturers are looking at
alternate methods of crossover duct connections where that duct is also located within the
conditioned space. Each has prototyped marriage line connections that eliminate crossover
ducts in the crawlspace.

Successful adoption of interior duct systems in manufactured housing will result in
significant energy savings and improvement in durability, comfort and indoor air quality.

Subtask 1.2 Factory Integrated HVAC/DHW Systems

BAIHP team member DeLima Associates is currently developing an integrated space
heating, cooling, water heating and air distribution system for HUD-Code manufactured
housing. This work is sponsored by the U.S. Department of Energy (SBIR grant), The
Propane Education & Research Council (PERC) and Alabama Gas Company. The
Comboflair system consists of a single-package heating/cooling unit (consisting of
refrigerant coils, hydronic coil, compressor, blowers and hydronic pump), a water heater and
an air duct system. The heating source is a natural gas or propane water heater that provides
all space heating and domestic water heating needs. The air distribution system is a small-
duct high-velocity system that minimizes duct losses. All equipment is installed at the
manufactured housing factory, eliminating all site work. See Figures 1-5 through 1-6.

Figure 1-5 Interior view of the Comboflair Figure 1-6 Exterior view of the Comboflair

System with Mr. Henry Delima, Comboflair under test in Austin, TX at the Palm Harbor
project director Home model center
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A prototype Comboflair unit manufactured by Unico system was installed by them in a
model center at Palm Harbor Homes in Austin, TX. This home was unoccupied and interior
sensible and moisture loads were generated by an automated system designed and installed
by FSEC. FSEC also installed a data acquisition system and has collected house and
equipment data since January 2006. Data was posted online in a password protected website.
According to Mr. Delima, “I must thank you for the outstanding job in monitoring the Austin
test home. Unico now has considerable amount of data that can be used in further
development and sizing of production models of Comboflair.”

Subtask 1.3 Ventilation and Dehumidification

Evaluation of Advanced Cooling with Dehumidifier Mode (ACDM) Equipment

The FSEC Manufactured Housing Lab (MHLab) was used to conduct research for
ventilation and dehumidification strategies (Figure 1-7). The MHLab features two
complete separate heating and cooling systems: an overhead duct system connected to
a package unit air conditioner with electric resistance heating and a floor-mounted
duct system connected to a split system air conditioner also with electric resistance
heating.

Figure 1-7 The FSEC Manufactured Housing  Figure 1-8 Completed ACDM Indoor
Lab unit in the MHLab crawlspace

During BP1 two major activities were conducted in the MHLab. During April
through November 2006 we partnered with Building Science Corporation (BSC) and
evaluated their Advanced Cooling with Dehumidifier Mode (ACDM) equipment.
This system is an attempt to research ways to make a standard split-system cooling
machine function as both a normal cooling machine and a dehumidifier. It was
conceived by Building Science Corporation (BSC) in 2001. This system employs an
indoor condenser/reheat coil, placed in the process air stream of a standard split-
system, to allow continued removal of moisture while supplying room-neutral-
temperature air, essentially converting the cooling system to a dehumidifier. This
system was bench tested by BSC in their facilities in 2005 and tested at the MHLab in
2006 using the overhead duct system and replacing the package equipment with the
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ACDM equipment which is based on SEER 14 Goodman HVAC components. The
ACDM equipment was located in the conditioned crawl space of the MHLab (Figure
1-8).

The basic principle of design and operation follows. A thermostat and humidistat
sense indoor space temperature and relative humidity. As the indoor temperature
increases above the prescribed temperature setpoint, the compressor, the outdoor
condenser fan, and the indoor air circulation fan are energized in normal cooling
mode. As cool supply air decreases the indoor temperature below the prescribed
indoor temperature setpoint, if the relative humidity is below the prescribed humidity
setpoint, then the system shuts off; if the relative humidity is above the prescribed
humidity setpoint, then dehumidifier mode is energized whereby the compressor and
indoor air circulation fan continue, but the outdoor condenser fan shuts off, and a 3-
way valve diverts refrigerant to an indoor condenser/reheat coil which heats the
normally cool supply air to near room temperature conditions. In this way, moisture
removal continues but reduction in room air temperature does not. When the indoor
relative humidity falls below the humidity setpoint, all the equipment shuts off.
Dehumidifier mode can also be energized without a prior cooling call, and a cooling
call can be energized taking priority over an active dehumidification call.

Instrumentation and data collection and equipment troubleshooting was performed by
FSEC. Good data was collected at 1 min intervals and put on the FSEC web system
for access by BSC. The ACDM system performed well after troubleshooting was
completed. BSC (Armin Rudd) should be contacted for further details.

Humidity Liability Evaluation of ASHRAE 62.2

The other major BP1 project conducted in the MHLab was to evaluate the humidity
liability of ASHRAEG62.2 level of mechanical ventilation (ASHRAE62.2, 2004). In
2004 ventilation experiments conducted with less than 62.2 levels of ventilation
during the peak summertime showed good dehumidification performance for all
ventilation and dehumidification systems tested (Moyer et al. 2004). During Nov
2006 — Feb 2007 the MHLab operated under three types of whole house mechanical
ventilation -- None, 62.2 (which is 46¢fm continuous for this house) and run time
vent with 62.2 vent rate, i.e. 46 cfm supplied only when the heating or cooling system
operated. The house was operated on an auto changeover thermostat designed to
keep the house at 77°F for cooling and 70°F for heating. Internal loads simulated
were typical for a family of 4 but the moisture generation went directly into the space
(instead of being exhausted by spot ventilation fans).

The data collected in November when the MHLab was under 62.2 vent rate is shown
in Figure 1-9 below.
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Figure 1-9 Interior and exterior conditions at the MHLab under ASHRAE 62.2

ventilation

Medical literature (Arlian et al. 2001) suggests indoor daily average RH be

maintained below 50% RH for dust mite control, a major risk factor for asthma —
especially in children. For this experiment, about 79% of the days the indoor RH
exceeded that level suggested for dust mite control; it also exceeded 60% on average
for a few days. Later experiments conducted in December and January showed that
interior RH levels continued to stay high for no vent and run time vent cases as well.
The results for run time vent were unexpected as field data from a prototype home in
Ft. Myers, FL. with run time vent and occupied by a family of four showed good
results. This house was bigger (~2,500 sqg. ft. and with 4 bedrooms) and the run time
vent rate was only 32 cfm. See Figure 1-10 below.
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For this house, the percentage of days that the interior RH was above 50% was only
11% of the time during this approximate 2 year long monitoring period.

More research needs to be conducted to determine the humidity liability of ASHRAE
62.2 level of mechanical ventilation.

Subtask 1.4 Fortified® HUD Code Homes

In 2005 FSEC was asked to participate in the Institute for Business and Home Safety (IBHS)
technical committee for HUD code homes. However, no significant activity occurred in this
task area during BP1.

Subtask 1.5 Plug Load Reduction

Homes around the world currently have no means to judge household energy use other than
their monthly utility bill. Unfortunately, this does not readily provide insight as to how or
where the energy is being used. Existing studies show that providing direct instantaneous
feedback on household electrical demand can reduce energy consumption by 10-15%.
Recently, such feedback devices are commercially available and dropping in price. Not only
are these reductions potentially large as they comprise all end-uses, they may provide unique
opportunities to realize goals for high-efficiency buildings. Reducing and shifting electrical
demand is particularly important in Zero Energy Homes (ZEH), where it would be desirable
to match solar electric PV output with household loads.

To obtain current data on the magnitude of savings that can be expected, 23 homes have been
fitted with a real time energy feedback device called “The Energy Detective” (TED) which
costs approximately $150. This is a small 3.5 x 5 display unit which plugs into the wall and
receives power line carrier signals from a sending unit installed in the central breaker panel.
Output is available on a digital display as shown in Figure 1-11.

Initial results from two users are summarized below — One user used another type of
feedback device called the Energy Viewer.
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Figure 1-11 TED The Energy Detective

Homeowner Using Energy Viewer

Baseload without major appliances on was very large—up to 350 watts. The
house is a “Smart Home” with a dozen X-10 (home automation system) devices.
The X-10 switches were found to use about 5 W each.

Was able to quickly recognize the large nature of the load associated with
swimming pool pump operation (1,410 Watts operating four hours per day).

The household did develop increased awareness of the energy use associated with
clothes drying — 5.8 kW when operating.

Demand of the electric heat pump showed use of resistance electricity on start-up
in winter morning hours after setback.

Home entertainment center is a major energy user with 220 Watts (5.2 kWh/day)
of constant energy use even with the television and sound system off. TiVO
digital recorder uses 28 Watts continuously. A media PC server used 144 W
constantly.

Home office and computer system draws 25 W continuously even when not
operating.

Homeowner Using TED

Learned that baseload electricity use was over 160 Watts with all major
appliances off.
From an initial examination, it was found that a potter’s wheel had been left on in
the porch (for months) drawing 20 Watts. The heating and cooling system
transformer used 10 Watts even when not on and the household entertainment
center drew 20 Watts when off. Also the home office system (computer, monitor,
printer, DSL cable box) drew 25 Watts when off. A powered sub-woofer
consumed 10 W even when unused.
User dropped over one kWh a day from his household loads with little effort other
than locating standby loads and providing a means to deactivate them:

o0 Entertainment center and sub-woofer when not in use (power strip)
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o Computer and peripherals when not in use (occupancy-activated
power strip)

0 Rechargeable tools in garage (power strip)

o Standby power dropped from 160 W to 70 W

e Learned that even with very hot supply water from the solar water heater
(135°F) a new Energy Star dishwasher activates a one kW element during its
use in both the Normal and 'Smart’ cycles. Moreover, in contrast to older
dishwashers, the new generation machine had no way to disable the
supplemental resistance booster heater.

e Watering the lawn within 10 feet of the outdoor condenser unit during the heat
of the afternoon dropped air conditioning power by 80 - 140 Watts without
direct spray on the unit.

e Observed unexpected electrical loads during the operation of gas appliances.
This revealed that the gas dryer uses 700 Watts of electricity when drying
clothes. Similarly the gas range uses 400 Watts of electric power when the
oven is on, but none with stove-top burners.

In Miami one user reported savings of 13% on their January bill. This was broadcast
by the local NBC affiliate in Miami, FL and aired February 21, 2007.

In summary, it appears that feedback devices do have promise to reduce household energy
use by raising awareness.

Subtask 1.6 Setup and Finish Processes for Modular Homes

This task was conducted by the Housing Constructability Lab (HCL) of the UCF Industrial
Engineering Department. The complete UCFIE report is included as Appendix A. Two
activities were undertaken by the HCL group for two builders — Royal Concrete Concepts
and Habitat for Humanity.

Royal Concrete Concepts

Royal Concrete Concepts (RCC) produces innovative concrete modules for both
residential and commercial markets throughout Florida. RCC currently operates a
mid-size, unenclosed production operation in West Palm Beach. The existing plant
consists of four production “lines” supported by various uncovered storage areas and
small enclosed stockrooms. The plant can produce a maximum of four modules per
day. To meet increasing demand, RCC is developing a new high-volume plant in
nearby Okeechobee. The new plant will have 10 unenclosed production lines capable
of producing 10 modules per day, increasing production capacity by 2.5 times. The
new operation will be supported by a 20,000 square foot on-site, fully enclosed
warehouse with two covered 2,500 square foot sheds; one on each end of the
warehouse. The new warehouse will have conventional loading docks and a rail spur
for receiving and shipping. The Housing Constructability Lab (HCL) research team
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was tasked to identify and develop innovative concepts for the supply chain —
stretching from construction material vendors, through the warehouse, to the
production line. To maximize impact, the scope was limited to three critical materials:
rebar, polyethylene foam and steel interior/exterior studs.

In December 2006, the HCL research team presented a summary of this research to
the RCC senior management team. Recommendations were well received and the
RCC team agreed to review and implement the recommendations. The HCL research
team continues to assist RCC with their new plant.

Habitat for Humanity

In March 2006, the UCF research team initiated efforts to assist Habitat for
Humanity’s Operation Home Delivery in the design of Habitat's first modular housing
factory. The factory was envisioned as a high volume delivery method to replace
homes destroyed by Hurricane Katrina. The team assisted Habitat in the selection of
an existing facility, identifying retrofits necessary for modular home production (e.qg.,
removing columns), designing layout alternatives that incorporated lean production
concepts and detailing each production activity. All designs were developed
collaboratively with Habitat personnel in a series of workshops hosted at UCF. The
team also recommended changes to the floor plans of the new modular home designs,
making them more compatible with conventional home designs. Work was completed
by summer 2006 but Habitat decided not to follow this path of modular housing
factories.

Subtask 1.7 Green Products and Processes

Organized and moderated a conference session on green products and processes (identifying
and documenting green aspects of HUD code and modular manufacturer products as they
relate to achievement of Building America performance goals and green certifications). This
session was at the 3™ annual statewide GreenTrends conference in Gainesville, FL, on May
3, 2006. Participating speakers included a representative from the Palm Harbor Homes Plant
City plant and a representative from Royal Management, a Building America partner
constructing poured concrete modulars. Also participating was a representative from
Resolution 4 Architecture, a design firm that has developed the “Modern Modular” concept -
a systematic methodology of design that leverages existing methods of prefabrication and
results in high performance residential construction. Each speaker discussed how
prefabrication methods are leveraged to create high performance green products.

Discussions with these and other manufacturers continued to develop a plan to investigate

and document specific practices. An abstract on this research was accepted for presentation
at the USGBC GreenBuild conference in November.
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In May 2006 after receiving DOE feedback on FY07AOP that this task area was of not high
interest, efforts in this subtask were discontinued. Instead activities were pursued so that our
builder partners could participate in existing green programs as they desired. We assisted
partners to obtain such certifications including USGBC LEED-Homes, Florida Green Home
Designation Standard, and Enterprise Foundation Green Communities. These activities are
described in sections 2 and 4 of this report.

Subtask 1.8 Cool Roofs

The Flexible Roof Facility (FRF) is a test facility in Cocoa, Florida designed to evaluate five
roofing systems at a time against a control roof with black shingles and vented attic (Figure
1-12). Since 1989 the testing has evaluated how roofing systems impact summer residential
cooling energy use and peak demand (Parker et al. 2005).
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Figure 1- 12 The FSEC Flexible Roof Facility (FRF)

In May of 2006 DOE recommended against conducting further research in this area as part of
the FYO7 AOP review process. Consequently, a very limited effort was expended in this
subtask in BP1.

BAIHP continued testing for evaluation of various attic ventilation rates and their impacts on

attic thermal performance. The test cell configurations are described below (from right to
left).
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Roofing systems tested at the
FSEC Flexible Roofing Facility, Summer of 2006

Cell# Description Justification within experiment
6 White metal roof, 1:300 Best performing roofing system
ventilation
5 Reference Black Shingles, 1:300 |Standard requirement for building
ventilation area codes
4 Black shingles, 1:150 vent area |Added attic ventilation area
3*  Black shingles, Sealed New approach to reduce attic
humidity
2*  |Black shingles, 1:300, soffit Evaluate impact of soffit vs. ridge
venting
1 Black shingles, 1:300, ridge Evaluate impact of soffit vs. ridge
venting
Table 1-1

* Cells 2 & 3 were used in testing proprietary materials for a US manufacturer. Not part of BAIHP contract

Data collection and facility maintenance continued on all six cells including the two cells
sponsored by industry to obtain data on innovative roof/attic configurations. Data analysis
was not completed in BP1.

Subtask 1.9 Night Cool

Using a building’s roof to take advantage of long-wave radiation to the night sky has been
long identified as a potentially productive means to reduce space cooling in buildings. The
night cooling resource is large and enticing for residential energy-efficiency applications. On
a clear desert night, a typical sky-facing surface at 80°F (27°C) will cool at a rate of about 70
W/m2. In a humid climate with the greater atmospheric moisture, the rate drops to about 60
W/m2 (Clark, 1981). Fifty percent cloud cover will reduce this rate in half. For a typical roof
(225 square meters), this represents a cooling potential of 6,000 - 14,000 Watts or about 1.5 -
4.0 tons of cooling potential each summer night if all roof surface night sky radiation could
be effectively captured. However, the various physical properties (lower roof surface
temperatures, fan power, convection and conductance) limit what can be actually achieved,
so that considerably less than half of this cooling rate can be practically obtained. Even so, in
many North American locations, the available nocturnal cooling exceeds the nighttime
cooling loads.

A big problem with previous night sky radiation cooling concepts has been that they have

typically required exotic building configurations. These have included very expensive “roof
ponds” or, at the very least, movable roof insulation with massive roofs so that heat is not
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gained during daytime hours. To address such limitations, an innovative residential night
cooling system was designed. The key element of the NightCool configuration is that rather
than using movable insulation with a massive roof or roof ponds, the insulation is installed
conventionally on the internal ceiling. The system utilizes a metal roof over a sealed attic
with a main to attic zone air circulation system.

During the day, the building is de-coupled from the roof and heat gain to the attic space is
minimized by the white reflective metal roof. During this time the space is conventionally
cooled with a small air conditioner. However, at night as the interior surface of the metal roof
in the attic space falls well below the desired interior thermostat set-point, the return air for
the air conditioner is channeled through the attic space by means of electrically controlled
louvers with a low power variable speed fan. The warm air from the interior then goes to the
attic and warms the interior side of the metal roof which then radiates the heat away to the
night sky. As increased cooling is required, the air handler runtime is increased. If the interior
air temperature does not cool sufficiently the compressor is energized to supplement the sky
radiation cooling. The massive construction of interior tile floors (and potentially concrete
walls) store sensible cooling to reduce daytime space conditioning needs. The concept may
also be able to help with daytime heating needs in cold climates by using a darker roof as a
solar collector. There is potential for mating the concept with Building Integrated
Photovoltaics (BIPV) for combined heating, cooling and solar electric power production.

The empirical evaluation of the concept is being accomplished by using two highly
instrumented side-by-side 10" x 16' test buildings located at the Florida Solar Energy Center.
One of the test buildings is configured like a conventional home with a dark shingle roof and
insulated ceiling under a ventilated attic. The experimental building features a white
reflective roof on battens with a sealed attic where the air from the interior can be linked to
the sealed attic and roof radiator when the roof temperature drops below the room target
cooling temperature. See Figure 1-13

Figure 1- 13 Two small test biIdigs r the Night Cool concept

32



During BP1 performance of NightCool was evaluated under both summer and autumn
weather conditions. Four experimental configurations were evaluated:
e No NightCool cooling with the experimental attics sealed to the interior (Null
test): September 2nd - 4th, 2006.
e NightCool by convective air movement to the building only (open aperture to the
attic so that cooled night air could drop out of the attic into the interior to be
replaced by warmer air below): August 26th - 28th, 2006.
e No air conditioning in either test building, but NightCool activated with fan
circulation in experimental test building: September 27th - 28th, 2006.
e Air conditioning in both test buildings, but when favorable attic temperature
conditions are met, NightCool activated with fan circulation in experimental test
building: October 20th — November 6th, 2006.

The last experiment, with supplemental air conditioning and NightCool operating in the
experimental facility was evaluated under varied summer and autumn weather conditions.
The experiments show that the experimental prototype performed better thermally under
passive configurations. With the NightCool linkage to the main zone disabled (null test) the
average nighttime temperatures in the unconditioned experimental and control test buildings
from 8 PM to 8 AM was 82.0°F and 82.6°F respectively when the outdoor air temperature
averaged 74°F. This shows the experimental building runs slightly cooler at night, largely
because of the lower attic temperatures across the insulation and the effectiveness of the R-30
SIPs panels in the ceiling against the R-30 fiberglass batts in the control. Otherwise, thermal
performance was similar.

However, in the second configuration with an attic hatch opened to the attic to allow warm
air to naturally convect into the attic and heavier cool air to naturally convect to the interior
below, the NightCool building showed superior performance. The experimental building’s
interior ran 1.9°F cooler during nighttime hours without any mechanical air movement to aid
heat transfer. This is about three times the temperature drop seen without any nighttime
cooling and a good demonstration of nocturnal cooling within the concept without any fan
power. Detailed data was also obtained on the system with air conditioning used in the
control and the experimental unit during daytime, and with the NightCool fan circulation
system used during evenings. A daytime temperature of 78°F was maintained in both test
buildings. Measured cooling energy savings varied from 17% under warm, cloudy conditions
to 53% during milder periods. This was true even though the NightCool system maintained
an average temperature 1°F lower than the control building. Daily NightCool system Energy
Efficiency Ratios (EERs) averaged 31.0 Btu/Wh over the four summer-to-fall test periods —
in line with simulations conducted earlier. The nightly system EERs varied from a low of
23.2 to a high of 43.2 Btu/Wh, the highest performance being seen during tests with higher
return air temperatures and during periods with cooler and clearer nighttime conditions. As
expected, performance was worse under cloudier humid conditions. Cooling rates also varied
over the course of each evening, generally improving to a maximum point in the pre-down
hours. The maximum nightly EERs varied between 35.4 (warm cloudy evening) to 69.1
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Btu/Wh (clear and more cool conditions). In all cases, this level of performance compared
favorably to an EER for the vapor compression air conditioner of about 9 Btu/Wh.

The delivered cooling rate averaged 2 - 4 Btu/hr/ft2 (6 -13 W/m2) of roof surface each
evening, implying that NightCool in a full scale 2,000 square foot home would cool at a rate
of 4,000 - 8,000 Btu/hr. Over a typical 10 hour operating period, this would produce 3 to 7
ton-hours of sensible cooling. The favorable experimental data collected so far indicates that
NightCool can be a promising system technology for 50% or higher benchmark homes in
hot-arid, hot-dry/mixed, mixed and humid climates. We plan to continue experimental and
analytical work on the NightCool concept through out 2007 concentrating on improving the
dehumidification performance of the concept and collecting data for a wide variety of
operating conditions. We have presented the concept and data from NightCool test sheds to
the cool metal roofing coalition. This industry group has enthusiastically endorsed the
concept and plans to work with us in implementing the concept in future prototype homes.

Subtask 1.10 Solar Integrated Roofing Panels

This subtask was performed by one of our subcontractors — U. Texas at Austin, School of
Architecture (UTSOA). UTSOA focused on developing scenarios for two different modular
houses and then testing options for photovoltaic arrays for both. They analyzed type, size,
cost, energy production, ease of installation and public acceptance for both differing
scenarios. Two models were developed.

The Back Home

This is a house that could be rapidly deployed, but provide permanent affordable
housing in areas of need. This model was developed in response to FEMA’s Alternate
Housing Pilot Program requirements, issued September 15, 2006. It is designed to
meet health and safety requirements for hurricane prone areas. The house is 700
square feet and has one bedroom and one bath.

The Bloom House

This is an evolution of the University of Texas Solar Decathlon 2007 competition
house, designed to be marketed as part of an urban infill development to a median
income family in Austin, Texas. This model is 1300 square feet, with three bedrooms
and two baths. UTSOA designed the development layout as part of a conservation
development in central Austin to test a strategy for implementation of photovoltaics
in the larger housing market.

The full UTSOA report is contained as Appendix B to this report.
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Subtask 1.11 Related Systems Research

In this subtask we conducted three subtasks carried over from the previous BAIHP project
which ended in June, 2006. These tasks were all completed by September 2006 and reports
were issued which are available online. The final report for the previous BAIHP project also
summarized the efforts in these subtasks in the report submitted in October 2006 and
available online at http://www.baihp.org/pubs/finalrpt/index.htm . Consequently we provide
only brief notes on these carryover tasks in this report below:

Retrofits of hurricane damaged homes (carryover task)

Task completed and report issued in September 2006.

Chasar, D., Moyer, N., and Martin, E., 2006. “Energy Efficient Renovation of Storm
Damaged Residences — Florida Case Studies,” FSEC-1648-06, Florida Solar Energy
Center, Cocoa, FL. September, 2006.

Report available online at http://www.baihp.org/pubs/deliverables/hurricane-
retrofits9-13-06.pdf

Specifications for Improved FEMA homes (carryover task)

Task completed and report issued in September, 2006.

Thomas-Rees, S., Chandra, S., Barkaszi, S., Chasar, D. and Colon, C., 2006.
“Improved Specifications for Federally Procured Ruggedized manufactured Homes
for Disaster Relief in Hot/Humid Climates,” FSEC-CR-1645-06, Florida Solar
Energy Center, Cocoa, FL. September, 2006.

Available online at
http://www.baihp.org/pubs/ImproveSpecificHomes/contract_report.pdf

In addition, material submitted to the Florida SERT (State Emergency Response
Team) for FEMA competitive grant information request for alternative disaster
housing solutions.

Water Intrusion in Central FI Homes (carryover task)

Task completed in and report issued in August , 2006.

Mullens, M., Hoekstra, R., Nahmens, I., and Martinez, F., 2006. “Water Intrusion in
Central Florida Homes During Hurricane Jeanne in September 2004,” UCF Housing
Constructability Lab, University of Central Florida, Orlando, FL. August, 2006.
Available online at http://www.baihp.org/pubs/deliverables/WaterIntrusionReport8-

21-06.pdf

A presentation on the report findings were made at the International Builders Show in
February, 2007
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HUD-Code Energy Star Testing/Research (PHH co funding)
In addition to the carry over tasks, we provided technical assistance to Palm Harbor
Homes under cost shared funding received from them to certify their HUD code
Energy Star Homes and modular Energy Star homes. Activities summarized below.
o Tested first labeled home for Austin plant which passed. Next test require for
Austin after 51° home is produced. Tested other homes that failed inspections.
e Visited Austin and Plant City plants during construction of Habitat for
Humanity homes destined for Baton Rouge, LA and Dothan, AL. Perform
EPA-required Thermal Bypass Inspection Checklist (TBIC) inspections.
Advised plants on changes needed to meet TBIC which becomes mandatory
January 1, 2007.
¢ In partnership with Habitat for Humanity International, Palm Harbor Homes
and Oprah Winfrey conducted preliminary analysis, testing and Energy Star
certification of 15 homes for the Baton Rouge, LA Habitat for Humanity and
12 homes for the Dothan, AL Habitat.

Figure 1-14 Bottom plate airseal inspection—  Figure 1-15 Insulation compression
thermal bypass inspection checklist item inspection —thermal bypass inspection
checklist item
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I1.  SECTION 2: PROTOTYPE HOUSE INVOLVEMENT AND
EVALUATIONS
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Il.  Section 2: Prototype House Involvement and Evaluations

In this section we document our efforts in providing design and technical assistance to
over 22 organizations in 8 states. We have also been instrumental in coordinating
partnerships between organizations requesting help, renewable energy manufacturers and
our prototype building partners. This section also documents instrumented monitoring in
prototype home construction projects which included activities involving 6 organizations.
BAIHP continues to support demonstration home projects and were active in the 2007
International Builders” Show and are actively providing support for 2008 International
Builders” Show. Handouts outlining the energy efficient, h