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Executive Summary
Greenbelt Homes, Inc., a 1,600 home cooperative, has initiated a program to evaluate the energy and
cost savings from energy efficiency improvements in a set of typical GHI homes. Working with the NAHB
Research Center through the Department of Energy’s Building America Program with technical support
from the National Renewable Energy Laboratory, GHI is seeking to couple a programmed renovation of
the community’s building façades and mechanical systems with an energy efficiency retrofit strategy
aimed at substantive energy usage reductions, greater indoor comfort year-round, and improved indoor
air quality. Established as the pilot project to investigate the feasibility of energy efficient options for
the Community Upgrade, the partnership has commenced with a study comprised of 28 homes in 7
buildings. The buildings selected for the pilot project represent the predominant housing styles and
construction materials found throughout the community.
The pilot project was conceptualized to cover three phases over several years with the aim of providing
real solutions for deployment in the Community Upgrade commencing in 2015. Phase I consists of a
detailed energy efficiency investigation of the current condition of the homes, software models focused
on combinations of energy efficiency features (insulation, siding, windows, etc.) for cost optimization,
and monitoring the pilot study homes to document actual energy usage levels (and validate the “before”
condition of the GHI homes). This first report for Phase 1 covers recommended building envelope
energy efficiency strategies, estimated costs, and energy modeling outcomes of the GHI pilot homes.
Future phases of the pilot project are defined in the Introduction of this report.
The homes studied are constructed as attached units in groups of four per building. Building envelope
improvements are most constructible and durable at the building scale, thus, energy savings and option
costs are presented at the building scale in this report (group of four homes). Modeled energy savings
per year ranged from $702 to $2,680; varying chiefly by levels of existing and recommended wall
insulation. Financial analysis of the estimated costs of the building envelope energy efficiency features
(net costs of the current GHI reserve account for specific items) indicates positive net present values
($5,000 to $48,000) and simple paybacks of 9 to 22 years within the defined project period of 30 years
for eight of the nine options.
The building envelope energy efficiency strategies in this report provide real alternatives to energy
consumption at current levels, with a long life expectancy, and represent industry-recognized first steps
toward creation of a sustainable building. The strategies are recommended to enhance indoor comfort,
complement future upgrades (such as high-efficiency HVAC equipment or alternative power) and
support a tiered approach to energy efficiency investment within a budget.
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Background
Greenbelt Homes, Incorporated (GHI) is a privately-owned cooperative housing development in
Greenbelt, MD with 1,600 housing units, comprised primarily of two-story townhomes constructed of
wood frame with vinyl siding, brick- veneer over wood frame, and concrete masonry units (CMU) or
block. Greenbelt is the first planned community in the United States and is listed on the National
Register of Historic Properties. The majority of the homes are over 70 years old. They were originally
heated by steam and later by hot water radiators. Energy for heating the homes and domestic hot water
was supplied by oil-fired boiler plants within each building. The homes were not originally airconditioned. In the early 1980’s, faced with rising oil prices and aging equipment, the cooperative
embarked on a major rehabilitation program that included the following improvements:
Original radiators were removed from the homes; underground steam mains and hot water
pipes were abandoned in place; central boiler plants were demolished; asbestos pipe and boiler
insulation was abated throughout the community.
Electrical services to each home were upgraded, with individual utility meters installed.
Domestic water piping was upgraded, with individual utility meters installed.
Individually controlled baseboard electric heaters were installed in each room, except in
kitchens and bathrooms where ceiling fan-coil heaters with wall-thermostats were installed;
Fifty-two (52) gallon electric water heaters were installed for use in every home;
Insulation was added in attics, crawl spaces and exterior walls of vinyl-sided frame homes; in
attics and crawl spaces of brick homes and in crawl spaces of block homes.
Original steel-frame casement windows were replaced with vinyl or aluminum double-glazed
window units.
At the present time the homes are expensive to heat and do not have central cooling. Residents report
high energy bills – particularly in winter – and difficulty in maintaining comfort. In response, and in
combination with the need to upgrade certain home components, GHI has proposed a three-phase pilot
program of 28 units to test cost-effective improvements to the building envelopes and mechanical
systems over a two-year period. The current phase will provide feedback for implementation of
community improvements over the coming years. The pilot project units consist of seven buildings, each
with four homes, which represent each of the predominant construction methods in the community―3
buildings constructed of CMU block on crawl space foundations with structural slab floors, two buildings
of vinyl-sided frame homes on crawl space foundations, and two buildings of brick-veneered frame
homes.

Introduction
Greenbelt Homes, Inc. (GHI) is investigating opportunities to cost-effectively enhance the energy
performance of its portfolio of homes. The goals of the GHI Buildings Committee’s work on the pilot
program and subsequent community upgrade program are the following:
Reduce overall energy consumption and costs in the homes;
Improve member comfort and “livability”;
Emphasize use of sustainable, environmentally friendly energy sources, technologies, and
products where economically feasible;
Reduce overall life cycle costs, including preventive and corrective maintenance, for heating,
cooling and domestic hot water systems;
NAHB Research Center
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Minimize disruption to households as improvements are being made; and
Implement the program while maintaining the unique and historic character of the GHI homes.
The pilot project is a three-phase two year effort. The first phase, Phase 1, of the pilot involves a yearlong effort to establish baseline data on the 28 pilot homes and to identify specific retrofit building
envelope (not equipment) solutions for each of the building types in the pilot home study. Baseline
measurements include a walk-through evaluation of each pilot home, short-term testing (e.g. blower
door test), and longer-term monitoring (e.g. temperature, humidity, energy use, etc) of the current
conditions of the home. The building characteristics identified in the evaluation walk-through will be
used to develop simulation models to estimate whole house energy use. The simulation models are
used as the primary means of valuing the set of energy efficiency upgrades, integrating the estimated
cost of the upgrades with the value of energy savings. The empirical long term performance data will be
used to document actual energy use and indoor environmental conditions prior to any upgrades and will
continue following the improvements to demonstrate the effectiveness of the upgrade solutions. At this
writing, the walk-through evaluations, simulation models, and short-term testing are complete for all 28
pilot project units. The long-term temperature measurement devices are in place and data collection is
underway. GHI is developing specifications for Phase 2 (described below) and has held a pre-bid meeting
for development of details by an Architectural & Engineering (A & E) firm.
Phase 2 of the pilot home program consists of retrofitting the building envelopes and continued
monitoring of the indoor environment and energy use. This will enable GHI to determine the difference
that building envelope upgrades can make by themselves in terms of temperature, humidity, energy use
and member comfort. During the year that the envelope improvements are installed and measurements
are taken, GHI will develop specifications for the third phase of the pilot―investigating opportunities to
improve the heating (and potentially, cooling) systems in each of the pilot homes. During Phase 2 GHI
will solicit and award contracts for the Phase 3 work to be performed. It is expected that the Phase 3
contracts will be awarded by the summer of 2012 and the alternative systems be installed and
monitored beginning in late Fall of 2012.
Phase 3 of the pilot study will enable GHI to compare the energy efficiency and payback periods for the
alternative HVAC (heating, ventilation, and air conditioning) systems tested as well as for the entire pilot
project of envelope and mechanical system upgrades. Detailed measurements will enable GHI to
determine which features and systems provide the most benefit for the least cost over a long-term
period that includes estimated maintenance and replacement costs. Based on the results of the pilot,
GHI’s Buildings Committee will draft recommendations for the GHI-wide upgrades to the membership
and the GHI Board of directors in late 2013.
Since October 2010, GHI has partnered with the NAHB Research Center1 (Research Center), through the
U.S. Department of Energy’s Building America Program 2. The Research Center, with support from the
National Renewable Energy Laboratory (NREL), provides, under support from the Building America
program, design guidance and logistical support to GHI for the investigation, testing, monitoring, and
analysis of energy improvements for 28 homes that have been selected for the three-phase pilot
project. The role of the Research Center researchers is to evaluate the current features of the pilot
1

The NAHB Research Center campus is located in Upper Marlboro, MD and encompasses researchers, a testing laboratory, and
market research facility which mission is to improve the performance of homes through successful incorporation of new
technologies and construction methods into home building and renovation.
http://www1.eere.energy.gov/buildings/building_america/Websites: www.nahbrc.org and www.toolbase.org .
2
US Department of Energy’s Building America Program, http://www1.eere.energy.gov/buildings/building_america/ .
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homes and using various research tools including inspections, software models, and field measurements
to develop upgrade packages for improving the energy performance of the homes. The Research Center
will continue to support GHI throughout all phases of the pilot project including support in the
development of quality assurance processes, scopes-of-work for specific upgrades, and review of design
and installation details for the upgrade packages. As part of the Building America program, the Research
Center is also responsible for the general reporting of the energy analysis, implemented upgrade
packages, testing results, monitoring results, quality assurance process, and other documentation
developed during the pilot project.
The purpose of this report is to detail the energy simulations and economic analysis results for the pilot
project buildings. The primary goal of the simulation models in Phase 1 is to determine the most cost
effective solutions to upgrade the building envelopes in Phase 2 of the pilot. This energy and cost
analysis incorporates data from the walk-through evaluations and short-term testing and is more fully
outlined in the next section as specific aspects of the analysis.

GHI Pilot Project Baseline Data
In order to establish a baseline for energy simulations to select the most reliable, repeatable, and costeffective approaches based on the house design and the requirements of the cooperative, baseline data
were taken for each of the 28 homes in the pilot project. This data included a walk-through evaluation,
short-term testing, and initiated longer-term monitoring of the current conditions of the home. The
evaluation and short-term measurement details are used as inputs to develop software simulation
models. The models estimate the energy use of the home design based on the detailed inputs as well as
assumptions of weather and indoor temperature settings. These estimates will serve as a baseline for
comparison to retrofit options and for analysis of cost effectiveness to develop building envelope and
ultimately HVAC recommendations.

Walk-Through Evaluation
Research Center staff performed a walked- through evaluation of each of the 28 housing units (refer to
Table 1 for a summary compilation) in the pilot project during November, 2010. A walk-through data
form and a homeowner questionnaire were created prior to the evaluation to ensure the collection of
the necessary information to perform energy modeling. During the walk-through team members
measured and recorded data and observations and verified construction details. The goal of the
assessment was to collect data including:
Recording house and window dimensions (including additions),
Determining insulation levels in the walls, ceilings, and foundations,
Documenting equipment and appliance models,
Noting locations of baseboard heaters,
Calculating capacity of heating and cooling equipment
Determining the hot water system configuration
The recorded data from the walk-through included measuring each unit and any addition to verify size.
Building orientations were also noted. Window and door dimensions, locations, and construction details
were recorded. The majority of the windows in brick and block buildings are slider-style vinyl windows,
whereas, the frame buildings have vinyl single or double hung windows. Quite a few of the sliding
windows could not be easily latched or latched at all. The majority of pilot-project front doors are solid
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wood with working mail slots and storm doors. Some back doors have been replaced with an insulated
door.
Table 1. Summary Pilot Building Characteristics
Unit
Code

Front
Face

FV-1
FV-2
FV-3

N

Wall
System
Frame/
VinylSided

FV-4
FV-5
FV-6
FV-7

NW

Frame/
VinylSided

FV-8

FB-3

S

Frame/
BrickVeneer

FB-4
FB-5
FB-6
FB-7

Addition
Area (SF)

Total
Area
(SF) (a)

Total
Window
Area
(SF)

Kitchen
Ceiling
Heat (c)

Bath
Ceiling
heat (c)

782

154

SW

Frame/
BrickVeneer

Exhaust Fan
Kitchen
(d)

Bath
(e)

Dryer
vented
indoors

(h)

ACH50
Leakage
To
Outdoor
9.7

Base
board Heat
Capacity
(watts)

936

247

y

y

782

782

113

y

y

11.5

4,500

782

782

98

y

y

10.4

4,500

14.1

5,500

14.0

4,500 (b)

14.8

4,750

88

870

135

ebb

y

792

378

1170

188

n

y

792

129

y

y

1056

123

n

y

10.1

5,000

y

y

11.2

5,800

y-soffit

10.4

9,000

y-wall

6.8

7,250

(h)

7.4

6,500

8.0

7,000

792
792

264
264

1056

140

1080

1080

197

y

ebb

1080

1080

155

n

y

y-wall

5,000

782

792

FB-1
FB-2

Original
Area
(SF)

x (f)
x (g)
y

1080

1080

155

y

y

y

1080

1080

181

n

n

y

1080

212

y

y

6.1

7,500

1136

147

n

y

8.8

8,000

11.9

5,250

5.5

8,750

1080
1080

56

y-wall

841

70

911

123

y

y

FB-8

1173

77

1250

196

y

y

B-1

1168

1168

171

y

y

4.7

8,000

B-2

844

844

120

y

y

3.3

5,250

2.4

5,750

4.8

9,000
7,000

B-3

S

Block

844

B-4
BV-3

Block/
VinylSided

y

844

120

n

y

1168

77

1245

180

y

y

1080

32

1112

206

n

n

7.5

8,250

y (i)

1080

1080

145

n

ebb

3.5

1160

1596

190

ebb

ebb

4.3

11,500

1160

1596

249

n

ebb

y-wall

4.0

10,750

1528

215

y

y

y (i)

7.2

9,250

844

122

n

y

4.3

6,000

Block
844
77
921
122
n
y
8.4
B-6
Block/
y-wall
BV-2
1168
77
1245
215
y
ebb
4.8
Vinyl
(i)
Notes: (a) Total area includes 436 SF conditioned basement for units BV-5 and BV-6
(b) Central heat pump system with ducts & air handler in attic
(c) Kitchen & bathroom 110V ceiling mounted heaters; "ebb" indicates electric baseboard heater already accounted for
(d) Kitchen exhaust fan (EF) ducted outdoors
(e) Bathroom exhaust fan (EF), (original, not additions) ducted outdoors; "wall" indicates through-wall; "soffit" indicates through-attic to soffit
(f) Dryer in this unit is a portable, 110V, vented indoors
(g) Dryer in this unit was relocated and is temporarily vented indoors until arrangements are made to vent outdoors.
(h) Abandoned through-wall fan.
(i) Bath/PR in first floor addition.

6,250

BV-4
BV-5

SE

BV-6
BV-1
B-5

N

Block/
Vinyl
Block
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The attics of the vinyl-sided frame and masonry brick buildings were inspected as part of the walkthrough: masonry brick homes have built-in steps accessed from a bedroom closet and located over the
stairway; frame building units have an access panel; some with pull-down stairs. All attics lack air seals
at the access panel and have approximately 5 ½ to 6 inches of insulation installed. (Masonry block
buildings have flat roofs and no attics with rigid foam insulation on the exterior of the roof). Masonry
brick and frame attics have soffit and ridge vents and insulation baffles at the eaves. The attics are
conventionally framed with 2x6 or 2x8s at 16” spacing and have sheathing/wood flooring over the
ceiling joists in the center of the area which is used for storage. (A number of the attics used as storage
areas were quite full.) Attics have frame or partial brick wall partitions between units. Although the
attics have since been retrofitted with soffit and ridge vents, they also still have the vents through each
partition that previously provided attic ventilation through building gable end vents. At least one brick
unit attic has a chimney that was demolished below the roof line when the new roof was installed, that
is open to the attic and the abandoned boiler room in the crawl space/building boiler room. In several of
the frame buildings, mold was observed on the roof sheathing and rafters of each unit.
The crawl space in each masonry block and brick frame building is an unvented assembly that runs
continuously below the first floor slabs of all units. Plumbing pipes, electric service, phone, and cable
wires are laid out through it. The masonry buildings have abandoned boiler rooms near the middle of
the building that open to the crawl spaces on either side and are accessed through Bilco-type entryways
with integral ladders or steps. These buildings have foundations and crawlspaces under the front and
rear porches. One masonry block building has two units with basements adjacent to the boiler room.
The masonry buildings have rigid foam insulation or spray foam insulation installed on the interior side
of the foundation walls and air circulation vents have been sealed. The rigid insulation has some voids
between panels, missing panels, and the access doors to the boiler rooms are not sealed or insulated.
Areas under masonry units’ porches typically lack vapor barriers and wall insulation and appeared
particularly damp. One masonry brick unit’s crawl space had standing water on the first visit, but was
dry during a subsequent visit.
A frame vinyl-sided building has an abandoned boiler room at the end of the building with an addition
above it that is open to the basement/boiler room. There is standing water in the adjacent area where
the fuel storage has been abandoned and floor joists above the boiler room were rotted.
The other frame vinyl-sided building has no boiler room and a 32” high crawl space. The conditions in
the crawl spaces vary considerably from one to the next. Ground vapor barriers are present in all crawl
spaces; however, they do not consistently cover all of the ground and are not sealed at the seams or at
the foundation wall. The ground is uneven and in some buildings has been graded to gravel-filled
drainage ditches that outfall in sump crocks with pumps and piping to daylight.
Crawl spaces in frame buildings have fiberglass batt insulation installed between the floor joists and a
significant portion of this insulation has fallen down. These crawl spaces have considerably less vertical
clearance for access. The majority of most crawl spaces were dry; however, moisture and standing water
were not uncommon.
Most water heaters for the masonry homes are located in the abandoned boiler rooms; a few are in
closets, one is under the kitchen counter beside the stove, and one is in the basement of that home. The
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hot water pipes in crawl spaces are mostly insulated. The water heaters for the frame homes are located
within the homes in one building or in the boiler room in another building.
Window and through-the-wall air conditioner capacities and locations were noted. The linear feet of
each electric baseboard heater were measured; most are controlled by baseboard-mounted
thermostats; although some heaters have centrally-located wall thermostats. Kitchens and bathrooms
are heated with ceiling mounted, fan powered, electric heaters controlled by wall-mounted
thermostats. Supplemental electric portable heaters were commonly observed in the living room and
large bedroom. One unit in a frame building has a conventional, ducted, split heat pump system with the
air handler and ducts in the attic.
Refrigerator, range, dishwasher, and clothes washer and dryer appliance data was collected, and the
percentage of fluorescent lighting was estimated. The kitchens generally had through-the-wall exhaust
fans adjacent to the range, however many have been abandoned in place. The majority of the kitchens
have been remodeled and appliances relocated; six of the 28 units currently have range hoods vented to
the outdoors. The clothes washers and dryers are installed in varied locations: kitchens, closets, small
additions, and bedrooms. One home has a dryer that vents indoors; another unit has a dryer that was
relocated and is temporarily venting indoors.
Of the 28 original bathrooms, five have an exhaust fan ducted to the outdoors. Of the 12 masonry block
bathrooms, one unit has a kitchen exhaust fan ducted through-the-wall to the outdoors. Four of the
eight masonry brick bathrooms, or added half baths, have ducted exhaust fans. None of the eight frame
vinyl homes have outside vented bathroom exhaust fans. One masonry block unit has an addition with a
full bath and an outside vented exhaust fan; another masonry block home has a dehumidifier that was
running and an old, wall mounted ERV that was not operating. Signs of moisture, including wet interior
window glass, mold on window frames, and mold on attic rafters were observed in a number of units in
all building types. Evidence of excessive interior moisture was more prevalent in masonry block
buildings. Some of the features noted in each home in the pilot study are covered in Appendix A.
During the walk-through evaluations, a Research Center team member interviewed each homeowner,
completed a homeowner questionnaire, and collected copies of annual utility bills.

Short-Term Testing
The Research Center performed short-term testing in conjunction with the walk-through evaluations.
This testing included performing a blower door test for each unit (hot water temperatures and fixture
flow rates were also measured). Multi-point house depressurization measurements provided total air
leakage (which would include leakage to adjacent units) and leakage to the outdoors. Leakage to
outdoors was determined by simultaneously running blower doors in adjacent units. Significant air
leakage was consistently noticed at the attic access panels, around through-wall and through-window
air conditioners, doors, mail slots, and windows, particularly the windows that were unlatched due to
malfunction. Frame houses all had significant leakage through the floor at electrical and plumbing
penetrations, particularly at the water heater closet. A duct blaster test was performed on the one unit
with a ducted system. The air flow of the bath exhaust fans was measured using a flow hood. The actual
air leakage measurements were used in simulation models for specific units. Table 2 contains the
results of the tests.
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Energy and Performance Monitoring
In addition to the energy modeling detailed in this report which provides an estimate of energy use and
savings potential, the use of long-term monitoring tools can help confirm that the improvements are
providing the level of savings and performance desired. Monitoring devices are currently installed in the
pilot homes and will continue to complete the baseline data for the pilot project, although the actual
data is not included in this report. The monitoring is most useful when data on the indoor environment
is available for both the pre- and post-retrofit so that the changes in the indoor environment and the
energy use can be described in sufficient quantitative detail. Monitoring parameters include:
Indoor air temperature and relative humidity in multiple locations;
Crawlspace and outdoor temperature and relative humidity;
Heating energy use (where feasible);
Hot water energy use;
Dryer energy use (if applicable); and
Total electric energy use.
This level of data will support the pilot project as well as the overall goals for the energy upgrades by
confirming energy savings (when calibrated for outdoor conditions), and by providing a clear record of
the changes in the indoor environment through the heating and cooling season. This empirical data set
will be used to evaluate the energy savings potential of retrofit options selected and help to assess other
opportunities for increased efficiency or an improved indoor environment (i.e., lower humidity level,
more constant temperature, etc.).

Energy Usage Modeling
Study Parameters
Each building in the pilot project was modeled using computer software for an energy and economic
analysis. The purpose of the simulations is to determine the combination of energy efficiency features
that provides the highest energy savings for the least cost of the upgrades to the building envelope.
Energy savings resulting from a set of efficiency features is calculated relative to the existing home
conditions. Energy savings for the seven buildings in the pilot project is based on simulations performed
for 13 of the 28 homes to represent all types and variations in the pilot project:
Painted block unit – B-1 (end) and B-2 (inside)
Block w/ Vinyl – BV-3 (end), BV-4 (inside), BV-5 (inside, basement), BV-6 (end, basement)
Brick unit – FB-1 (end) and FB-2 (inside)
Frame/Vinyl – FV-1 (end, side addition, large glass area), FV-3 (inside), FV-4 (end, front addition)
Frame/Vinyl – FV-7 (inside, full rear addition) and FV-8 (end, full rear addition)
Results of the energy simulations and economic analysis are summarized for each building (group of four
homes), since upgrades will be implemented on a building-by-building basis to ensure the integrity of
each building envelope solution and for the highest cost optimization. See Appendix A for specific units
modeled.
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Software Selection and Description
The software used for the energy simulation and economic analysis was BEopt 3. BEopt is a computer
program designed to find optimal building designs along the path to highly efficient buildings. The
simulation employs an hourly simulation engine to include solar and other climatic effects as well as
assumed distributions of internal gains (such as appliance use). The software calculates annual energy
usage based on user inputs including:
House Characteristics: house size, construction type, and shading features, appliance and
equipment efficiencies, thermal resistance values of the walls, foundation, and ceiling, and
windows
Short-Term Testing Results: building and HVAC performance test results of air infiltration, duct
leakage, or assumptions of these
Fuel Type: fuel type for heating, cooling, water heating
Climate Zone: Physical location of the properties
BEopt software includes options to model the annual energy usage of a home by reference to the
existing home as a baseline and compared to a specific set of energy upgrades (design mode). In
addition, BEopt includes an option to optimize a set of energy upgrades based on a cost analysis to
determine the least cost package of upgrades that will result in the highest energy savings (optimization
mode). As part of this optimization, the software incorporates a user defined database of costs which
can be used to estimate the capital investment associated with energy savings. Other economic features
of the software include inflation and discount rates as well as interest rates and the time period over
which the analysis is to be performed.
A minimum of one end and one interior unit was modeled in each building. Estimated savings and costs
for the whole building were tallied from these outcomes. Several buildings, such as BV-3 through BV-5
and FV-1 through FV-4 consist of homes sufficiently unique to warrant modeling more than two of the
four units. The simulation results, reported by building, are covered in Appendix A.

Supporting Data & Additional Underlying Assumptions
In addition to the walk-through and short-term testing data, there are other building feature inputs
needed for the energy simulations and the economic analysis. GHI provided support data about the pilot
homes including the architectural plans, general information on wall and roof composition that was not
visible through inspection, a copy of the Reserves Policies and Analysis (dated 9/15/2008), and other
background information. Equipment specifications, dimensions, building orientation, and other
apparent features were recorded by Research Center staff during site walk-through evaluations and
short-term testing of the pilot project units. The underlying assumptions for the simulation models are
detailed further below.
Building Envelope Assumptions
Insulation levels that were not observable, such as cavity wall insulation in the brick frame and vinyl
frame and addition walls were provided by GHI records or, in the case of additions, estimated by date of

3

BEopt™ Software, NREL, http://www.nrel.gov/buildings/energy_analysis.html.
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construction. 4 Values assigned as the “before” state of the pilot project study buildings are shown in
Appendix A.
Because the recommended windows (U value 0.30, SHGC 0.30) can be purchased and installed for an
estimated cost equal to the reserved amount, these specifications have been recommended as the
minimum performance for windows in the pilot project. The lower conductance and emissivity of these
windows contributes, along with the other building envelope improvements, to the energy efficiency of
the recommended options.
Equipment Usage Assumptions – Air Conditioning Not Modeled
The air conditioners used in GHI homes are owned by each occupant, and vary considerably in
efficiency, size, age, location, and usage. Because of this, cooling was not modeled in the GHI pilot study
buildings and thus no energy savings potential is attributed to the reduction in cooling load. For
homeowners who use cooling energy, it is expected that implementation of the building energy
efficiency improvements described in this report will result in additional energy savings associated with
the cooling systems that are not estimated in this study.
Occupancy Assumptions
Houses were modeled with one less bedroom than was shown on the architectural plans to more closely
represent the occupancy load(s) that were observed during the units’ walk-through, reported in the
questionnaires, and supported by electric usage history and preliminary analysis of the results from
monitoring. The software assigns two occupants to the first bedroom and one occupant to each
additional bedroom in determining household electrical loads. The occupants assumed by the software
prompt the program to model hot water demand, lighting, appliance, and miscellaneous electric usage.
Assigning four occupants to a three bedroom home and three occupants to a two bedroom home could
not be supported by the evidence gathered, thus the revised approach. Although some units have but
one occupant, the simulations model at least 2 occupants (a 1-bedroom house).
Economic Assumptions
While it is admittedly tidy and perhaps overly-simplistic, the majority of the building envelope
improvements recommended in this report have been assigned useful life spans of 30 years. The life
span coincides with the estimated life of the assumed mortgage (if used to purchase the upgrades). GHI
reserve estimates have placed various life spans from 35 to 40 years (vinyl siding on smaller frame
homes and windows) to 85 years (exterior doors) on these building elements. Because they are each
integral components of the building system, replacement should be planned to occur at the same time
to protect the integrity of the buildings. For internal reporting and reserve calculations, the useful lives
can be adapted to reflect the experience of GHI and warranty periods offered by the manufacturers
whose products are selected for the pilot study.
Table 2 shows the discount, inflation, interest, and fuel escalation rates used in this analysis and their
source references and other assumptions that were made to perform the energy usage modeling
reported.
4

Building America House Simulation Protocols, Hendron, Robert, et al., NREL, Revised October 2010, Existing Homes guidelines,
pp. 34-46.
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Table 2. Modeling Assumptions
Parameter
Annual Rate of InflationA
Discount RateA
Interest RateB
Fuel Escalation RateB
Heating Set Point
Air/Conditioning Set Point
Number of Occupants per Home
Cost of Electricity

Value
3.30%
5.00%
7.00%
0.50%
68 °F
not modeled
Number of Bedrooms on the Architecturals
$0.15/kWh

A

Provided by GHI staff
Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis – 2010, Annual Supplement to NIST Handbook 135
and NBS Special Publication 709, NISTIR 85-3273-25.
Office of Management and Budget Circular A-94 Appendix C, Revised December 2010.
Office of Management and Budget, Fiscal Year 2010 Analytical Perspectives, Budget of the U.S. Government.
B

Application of Mechanical Ventilation Strategy
A small number of units in the pilot study had ventilation fans vented to the outside, either located in
the kitchen or bathroom. There was evidence of excessive moisture in some homes in masonry block
buildings and in frame vinyl buildings. Use of an exhaust fan, HRV, or other mechanical methods with an
automatic control to introduce fresh air from outside and exhaust interior air can remove moisture
created within a building during the heating season. Thus, it is recommended that all of the pilot project
buildings be made capable of meeting ASHRAE 62.2 standard, Ventilation and Acceptable Indoor Air
Quality in Low-Rise Residential Buildings 5. Costs have been estimated to include a through-the-wall fan
on a timer in the second floor of each home to meet this need. Infiltration (air leakage) rates were
measured for each home and used for the base case design. A reduction in the infiltration rates based
on insulation and air sealing as part of the retrofit upgrades was estimated and used in the retrofit
simulations.
Lighting, Appliances, and Miscellaneous Loads
Estimates for appliance, lighting, and miscellaneous energy use within the home are based on typical
usage patterns and magnitudes outlined through the Building America House Simulation Protocols,
October 2010, and are not representative of any specific home in this study.
Phase I Whole House Energy Usage
This pilot study report is based on whole house energy usage and is focused primarily on building
envelope energy efficiency only, thus potential savings from heating (or cooling) equipment, appliances
and lighting have not been modeled or estimated. These will be analyzed in subsequent phases of this
pilot study.

5

http://www.ashrae.org/technology/page/21
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Table 3. Energy Simulation Example
Typical Block Building
End Use
Heating Energy
Hot Water Energy
Lights
Appliances
Misc. Loads
Ventilation Fan
Total Annual Energy Use
% Whole House Energy Savings
% Heating Energy Savings
Overall Energy Cost Savings

Average per Unit
Before
After
$1,197
$511
$391
$391
$166
$166
$274
$274
$411
$411
$14
$2,439
$1,767
28%
57%
$673

The energy savings results in this study show the projected energy savings as a percentage of the whole
house energy, not just the category within the house, such as heating, which could overstate savings
expectations6 on a percentage basis. For example, when the recommended building envelope
improvements for a typical masonry block building are installed (see Table 3), the estimated energy
usage for heating should decrease by over 50%, however, the other electric uses in the home are
estimated to remain nearly the same. There is an additional cost for the new ventilation fan operation.
Thus, the overall reduction in whole house energy is about 30% of the total annual estimated energy
usage within the home. The energy estimates provided in this report are summarized on a whole-house
basis and provide detail on the estimates for heating energy and other end uses, by individual homes.
The cost analysis however is based on a building type (each comprised of 4 units in the pilot project).
This methodology is used because the insulation retrofits are most cost effective and constructible on
the basis of a building rather than for an individual home. Also, some of the suggested upgrades can
only be applied on a whole-building basis, for example, the crawlspace upgrades. Refer to the
Appendices for details of the energy savings expected for various building types and unit configurations.

Analysis Methodology
The BEopt software used in this analysis was designed to find optimal (energy efficient) building designs
along the path to zero net energy (ZNE) 7. Energy savings are calculated relative to a reference home
design. For this analysis, the reference design is the existing home. The BEopt software uses a
Department of Energy (DOE) developed simulation engine as well as a separate simulation engines to
estimate the contribution of solar systems. Sequential search techniques are used to automate the
process of comparing construction features and costs and energy expenses to identify the optimum set
of energy efficiency features for the invested costs and value of energy savings.

6

Utility bills indicate whole house energy use only, therefore the percent reduction of any one feature, such as heating, applied
to the full utility bill would overstate the savings on a percentage basis.
7
BEOpt™Software for Building Energy Optimization: Features and Capabilities, Christensen and Anderson, NREL, August 2006.
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Reference Houses
GHI selected the three predominate building construction types to be represented in the pilot study –
masonry block, masonry block with vinyl siding, masonry brick frame, and frame with vinyl siding. These
are characterized in this report as block (B), block with vinyl siding (BV), frame brick (FB), and frame vinyl
(FV). In cases where the homes include additions, these were modeled as part of the main structure, and
costs for the building energy efficiency retrofits were assigned to the entire building envelope as it
currently exists. Appendix A contains the specific characteristics of the before and after cases which
were analyzed.
Energy Upgrade Features
Based on the objectives and reserves of GHI, a limited number of energy features which could be
primarily installed to the exterior of the homes were selected for analysis. Some technologies and the
installation of specific materials were selected to maximize the energy benefits, especially when
providing multiple benefits. For example, the wall insulation and installation method in frame houses is
selected to improve insulation and to reduce infiltration losses. The cost of installing the insulation
provides multiple benefits and these higher value technologies are given a priority in the analysis.
Beyond that, several features (such as whole house ventilation and solar water heating) that are either
recommended best practice or provide a data point for a topic of wide interest among GHI members,
respectively, were included in the analysis by the Research Center. Features that are not directly
responsible for increased energy efficiency were added to the estimated cost analysis to enhance
building durability and/or indoor air quality. These are:
Mechanical ventilation and controls to provide point source and whole house air exchange; and
Remediate crawlspaces to improve insulation performance and indoor air quality through
minimizing moisture entrance to the home through the crawlspace
Simulation Output
Through optimization, BEopt produces a set of options that provide the highest energy savings for the
lowest investment costs, within the limits of the software and cost data. The available energy efficiency
features selected for any one building however are made by the designer. Feature options were selected
based on cost and constructability concerns. For example, exterior insulation applied to a block building
is limited by the roof design and soffit such that insulation over 3 inches in thickness would require roof
modifications, a cost that would need to be included in the cost of installing the insulation. Similarly,
window technologies that have very low U-values, below .20 for example, were not included since the
cost for that technology has been very high when costs and product were even available.
Figure 1 is a representative graphical outcome from the software for B1, a masonry block end unit. Each
of the points on the graph in Figure 2 indicate a solution that is a stated percentage more energy
efficient (x-axis) than the reference design (the existing home). The source energy savings is the same
percentage as the electricity savings since the GHI homes are all-electric. Since the reference is for
whole-house, the estimate of energy savings includes all electricity used in the home, not just for
heating. The y-axis is the annualized cost of the upgrades, financed over 30 years at 7%, plus utility
costs. The data point shown on the y-axis (0% savings) is the existing home without any upgrades. The
lowest point on the y-axis from any of the points in the chart represents the least cost solution with
maximum energy savings (indicted by blue dotted lines). Additional energy savings are attainable, but
NAHB Research Center
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the investment needed to reach the incremental efficiency gains rises more sharply depending on the
cost of the features available to achieve the higher efficiency levels. A comparison of the costs and
savings for higher levels of efficiency for this example is shown in Figure 2.

Figure 1. BEopt simulation results for B1
The graph formats, shown in Figure 2, aid in the visualization of the relationship between energy savings
estimates and the costs to install various efficiency upgrades. Other benefits such as might be attributed
to specific architectural features or to indoor comfort are not available in this analysis and must be
evaluated independently of energy savings. Appendix B contains some of the data that generated the
points in the optimization graph (Figure 2 left side).

Base Case

Base
Case

Figure 2. Optimization Output of the Before (Base Case) and After Energy Upgrades
Additional program output includes a breakdown of the simulated before and after calculations, by
category of energy usage (Appendix A charts following the spreadsheets) and the calculated costs of
constructing the after (energy retrofit) conditions (Appendix B). The cost reports generated by the BEopt
optimization runs are contained in Appendix B and Appendix C. Appendix B also contains some of the
additional options for the GHI homes that were analyzed before reaching the recommendations
contained in this report. Appendix C contains results for each pilot study house type presented in
multiple formats. The costs generated by BEopt compare favorably with costs that have been estimated
NAHB Research Center
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by the Research Center using spreadsheet software, in the tables covered in the Financial Analysis
section of this report.

Building Energy Efficiency Improvement
Recommendations & Estimated Costs
The following sections outline the recommendations to increase the efficiency of the pilot homes
through building envelope improvements (phase 1), reported by building or group of four attached
homes. Related building improvements to enhance the durability and indoor environmental quality are
included as necessary for the long-term successful function of the homes and for the comfort of the
occupants. However, such features may not add to an increased energy savings.
The selected features represent an in-depth investigation into technologies and systems applicable to
the specific building types in the pilot home study. The solutions seek to address the issues of thermal
performance, moisture management, air leakage, and durability in as synergistic a manner as is possible.
Where a single product can provide the multiple benefits, these products are valued more highly (e.g. if
an exterior insulation product can also provide an air sealing benefit, the cost of air sealing alone is
significantly reduced). Some of the solutions to increase the efficiency of the home have multiple
approaches that have less to do with energy efficiency than the effort to be responsive to the need for
an array of architectural details. Wall finishes, window frame materials, and door selections fall into this
category.
All of the opportunities to enhance the efficiency of the buildings have focused on the exterior of the
building rather than options for modifying the interior of the walls. This path was chosen because the
option to improve the walls from the interior involves many other factors such as the location of
electrical outlets, the size of cabinets and plumbing fixtures, interior finishes and the issue of occupancy
during the improvements. Interior insulating systems also have more limited opportunities for air sealing
depending on the level of deconstruction of the existing interior surfaces.

Masonry Block Building Recommendations
Exterior Wall Insulation
The masonry block buildings in the pilot study have no insulation in the walls or at slab edges, R 7.5/10
rigid foam insulation on the crawlspace walls, and a minimum of 3.75” of polyisocyanurate (R-26) roof
insulation. Thus, R-12 wall insulation is proposed; an insulation value comparable to that which currently
exists in the walls of the other two building types (frame brick and frame vinyl) in the pilot study. To
comply with the request by a majority of owners (who support building energy efficiency improvements
which can be implemented with the smallest lifestyle disruption), the insulation could be applied to the
building’s exterior as sheets of rigid foam. The foam sheathing may be either 2” thickness (extruded
polystyrene, XPS, or polyisocyanurate) or 3” expanded polystyrene or polyisocyanurate material. The
foam may be covered with any siding or an exterior insulation finish system (EIFS). Each of the cladding
types has specific installation and maintenance requirements which have been addressed in literature
produced by the respective trade associations.8 GHI’s specifications for the wall cladding should include
8

Guide to Exterior Insulation and Finish Systems Construction,
http://www.eima.com/pdfs/EIMA%20CGuide%20final_VA_Web.pdf
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extension of the rigid foam and cladding to a minimum of 6” below existing slab edge in order to provide
a near-continuous thermal barrier at the first floor slab. Table 7 contains the estimated costs of
installation and maintenance for each of these two solutions for increasing the thermal resistance of the
block buildings’ walls.
The installation of new cladding on these buildings entails the abandonment of through-the-wall air
conditioners. The costs of installing masonry blocks (or appropriate wall structural material) and
finishing the interior surface have been included in a separate line item below the cost estimates for the
wall claddings in Table 3. The cost of interior touch-up paint or other finishing to the affected area after
professional preparation of the interior surface, however, is not included.
GHI has not established a cladding reserve for the masonry block buildings as the majority of these have
been painted by the owners historically, thus, the incremental mortgage column in Table 7 contains the
entire estimated cost of the expense to add rigid foam sheathing and cladding―either EIFS, EIFS
stenciled, horizontal vinyl siding, or fiber cement siding. (Exception: The Reserves report notes 22 units
of masonry frame construction and 12 of masonry block that have cladding.) The maintenance cost
attributed to repainting masonry walls every ten years is $1.33 per square foot and is reflected in the
maintenance rows of Table 8 for B buildings, only. The cost of annual cleaning of the claddings by
spraying or power washing, a task typically performed by the homeowner and a requirement of any of
the cladding options represented, was not included.
The annual maintenance cost for the EIFS has been estimated to include a professional inspection
requiring approximately three hours per building at 12-18 month intervals. Repair/reinstallation of all of
the expansion/abutment joints has been estimated at 10-year intervals, which is the reported duration
of the initial Dryvit warranty when the installation includes prescribed sealant. The repair of sealant was
estimated as the sum of the lineal feet of window and door perimeters (14 openings per unit) plus the
length of the building front and rear (wall abutment to roofline), or approximately 1,200 linear feet per
building at just over $4.00 per lineal foot.9 The total replacement of the sealant is assumed to occur
three times over the 30-year life. It is possible that GHI staff could be trained to inspect and reseal EIFS
to reduce this cost/reliance on outside contractors. The Dryvit outsulation warranty (10 years) and a
CARE program that the company administers provide the basic assumptions for maintenance cost
development for EIFS. The estimated maintenance cost for this finish system is shown as a net from the
cost to repaint the masonry block every ten years for the B buildings, only.
The fiber cement products by Nichiha USA, in the brick- and stone-look patterns, carry a manufacturer’s
50 year limited warranty 10. Fiber cement products are more dimensionally stable than wood and
reported to have longer maintenance intervals than wood claddings, thus, no additional maintenance
costs were estimated for the product.

Technical Tools: Inspection Guidelines, http://www.eima.com/technicaltools/inspectionguidelines/
Vinyl Siding Installation Manual, http://www.vinylsiding.org/publications/VSI_2010_Installation_Manual.pdf
Caring for Vinyl Siding, http://www.vinylsiding.org/aboutsiding/cleanmain/index.asp
9
Additional information about available warranties and services for EIFS buildings may be found at the association website.
http://www.eima.com and Dryvit’s website, http://www.dryvit.com and http://www.moisturewarranty.com
10
http://www.nichiha.com/literature_main.htm
Tech Brief 15 Fiber Cement Siding, http://www.cement.org/homes/brief15.asp
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GHI maintenance staff handle the inspection and repair of the existing buildings with vinyl siding.
Homeowners clean the siding when it shows dirt or mold growth. Actual vinyl siding maintenance costs
have been reported by GHI as negligible and are reported in this report as zero.
Window Replacement
Windows with minimum performance ratings of U=0.30 and SHGC=0.30 are recommended. However, an
option for higher efficiency windows was made available to the optimization analysis in the software.
GHI reserves have been estimated to be adequate to cover the cost of the performance features
recommended.
The windows were replaced in 1981/1982. The estimated lifetime of windows is set at 30 years in this
report based on the condition of windows which were examined during the walk-throughs and the
estimated life attributed to cladding which should be replaced at the same interval as the windows to
facilitate building envelope continuity.
Exterior Door Replacement
Doors with a U-value of 0.23 or less should be installed in lieu of existing front and rear doors. Doors
should be purchased and installed as pre-hung units at the size that currently exists in the opening.
Appropriate doors range in cost from $250, installed, to in excess of $1,250 and are available in the
custom height of 7’0” that currently is the norm in many homes. The numbers for doors used in the
Reserves Policies and Analysis of 9/15/08 should adequately cover new exterior doors, hardware, and
installation. Fiberglass doors have a 30-40 year expected life whereas steel door skins have a 20 year
life.
An alternative action that could be considered is to air seal the existing doors and add a good quality
storm door. Cost results in this report assume exterior door replacement; however, energy usage
estimates are valid for either action.
Crawlspace Wall Insulation Repair
Generally, crawlspaces in masonry block buildings were insulated and accessible. It is recommended
that the entire crawlspace perimeter (including walls beneath front and rear porch slabs/additions) be
remediated for a continuous R-10 application. This may be accomplished with additional rigid foam
boards re-adhered or applied to voids and one inch of closed cell spray polyurethane foam (SPF), R-6,
applied at seams in the rigid foam boards. Voids were calculated as 33% of existing walls times one inch
of SPF. (The actual remediation will entail a combination of spray and rigid foam installation. Some of
the rigid foam may have to be purchased.) Additional crawlspace recommendations have been included
in the Indoor Air Quality section of this report.
Porch Slab Insulation Installation
The masonry block and masonry brick frame crawlspace foundations extend continuously around the
buildings encompassing the front and rear porch slabs, as well as the conditioned spaces. Where these
do not have an addition (conditioned space) above, two inches of closed cell SPF, R-12, should be
applied to the bottom of the slab, accessible from the crawlspace. Unconditioned porch slabs average
roughly 400 square feet per building.
NAHB Research Center
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Masonry Brick Frame Building Recommendations
Window Replacement
Windows with performance ratings of U=0.30 and SHGC=0.30 are recommended. The window
discussion addressed previously in the Masonry Block Buildings section applies to all building types in
the pilot study.
Exterior Door Replacement
Doors with a U-value of 0.23 or less should be installed in lieu of existing front and rear doors that are
not insulated or existing doors should be air sealed with storm units installed. Two doors have been
estimated for each unit of each building type.
Crawlspace Wall Insulation Repair and Porch Slab Insulation
Repair crawlspace perimeter walls to R-10 and insulate porch slabs (with unconditioned areas above) to
R-10. These areas have been covered in the Masonry Block Building section of this report.
Attic Insulation and Air Seal
The recommended minimum insulation in sloped rafter attics is R-38. GHI masonry brick frame and
frame vinyl building attics were observed to contain a combination of blown and batt insulation in
approximately 5” depth (give or take) or about an R-value of 16. The primary cost estimate for insulating
the attic is to install a layer of blown insulation over the entire ceiling area, on top of the wood flooring
at the storage area (if installed) to an R-value of 38. Labor to remove insulation at wall plates, seal with
spray foam, and return insulation is included. Air sealing gaskets should be installed at all attic access
hatches. In some cases, the attic hatch will require rim dams to hold back the greater depth of blown
insulation. An option to install a storage area of approximately 192 square feet (768 square feet per
building) using 2” rigid foam and OSB is covered in Table 5. No provision for moving, storing, or replacing
existing items stored in attics is included in these estimates and the work would require empty attics
and clear stairs and hallways at the time of installation.

Frame Vinyl Building Recommendations
Siding Replacement and Insulation Installation
For this building type, it is recommended that the existing siding be removed and a weather resistant
barrier (WRB) is installed over the wood sheathing and sealed. One inch thickness of rigid foam, R-5 to
R-7, installed beneath the horizontal vinyl siding that is scheduled for replacement between 2015 and
2023, is also recommended to compensate for the blown-in cavity insulation which may have settled in
the wall. The WRB or the foam should be installed and taped to provide an air barrier over the exterior
sheathing which consists of 1”x6”/1”x8” boards. Estimates include labor to remove the existing siding
and install new components. The full cost attributed to these installations is reported in Table 4.
Window replacement is most beneficial when performed at the time of siding replacement to ensure
good weather and air sealing.
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The fiber cement siding that could be applied to the frame vinyl buildings is the JamesHardie horizontal
lap siding product which requires periodic painting (7 to 10 years). (Some of the other fiber cement
manufacturer’s limit the application of their product over rigid foam of certain thickness.) The
maintenance expense reflects a two-coat professional application of paint every ten years.
Window Replacement
Windows with performance ratings of U=0.30 and SHGC=0.30 are recommended. The window
discussion addressed previously in the Masonry Block Buildings section applies to all building types in
the pilot study.
Exterior Door Replacement
Doors should be replaced or upgraded, as previously explained for other building types.
Floor Insulation Installation
Excessive crawlspace moisture was noted in the frame vinyl buildings in this pilot study. The existing
fiberglass insulation had been installed upside down (with the vapor barrier to the crawlspace side) and
was mostly falling down. To air seal the floor and rim boards, closed cell SPF in a 3” application, R-19, is
recommended. A lesser cost alternate of shorter life span has been included in Table 5.
Attic Insulation and Air Seal
Recommendations are the same as those for Brick Frame Buildings―R-38 blown-in insulation, with the
option for a storage area as described in the previous section for brick/frame attic spaces.

Financial Analysis of Building Energy Efficiency
Improvements
The costs developed for this pilot study are based on bids and estimates developed by the Research
Center from commercial and proprietary sources, telephone and internet inquiries/searches, and the
customizable database contained within the BEopt software. Only costs relevant to the pilot study for
energy efficiency improvements and interrelated durability and indoor air quality improvements,
identified in this report, have been addressed by the Research Center. Estimates are deemed current for
2011. Cost estimates do not include remediation associated with environmental hazards (such as lead
paint, radon, or asbestos). Costs are exclusive of management fees. Table 4 outlines the estimated the
investment required to implement the building energy improvement features recommended in this
report. Cost estimates represent the per-building cost to implement the recommended building
envelope energy efficiency improvements itemized in previous sections of this report. There are four
homes in each building covered in this pilot study. Window and door replacement costs, estimated to be
adequately covered by GHI reserves, are not included in this table, yet have been included in the energy
efficiency simulations.
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4,474
694
15.51%
1,600
423

4,474
694
15.51%
1,600
423
$38,704

B

B

Masonry
Block with
added Vinyl
SidingB
B

Remove Through-Wall A/C
Exterior Slab Edge Foam,
7

Fiber CementC , R-7

Vinyl Siding, R-7

Vinyl Siding, R-12

Fiber CementE, R-12

EIFS, R-12
EIFS R-12 with Stencil Block
Detail

Unit Code
Average Wall Area (SF)F
Average Window Area (SF)
Window Wall Ratio
Avg. Crawlspace Wall (SF)
Area of Porch Slabs

Building Construction

Masonry
Masonry
Masonry
Block with
Block with
Block with
EIFs StuccoB EIFS Stencil B Fiber Cement
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Table 4. Installation Costs for Building Envelope Energy Efficiency Improvements
Per Building (4 Homes)
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The summary of the cost and energy savings estimates by building acknowledges that the features and
systems selected are most effective when applied to the whole building and would not accurately
represent savings or costs for an individual unit (for the most part). Table 5 covers some alternate
options and costs.
Table 5. Alternate Building Envelope Energy Efficiency Improvements and Cost Per Building (4 Homes)
Other Options Available
Floor Ins., R-19 Fiberglass,
caulk air seal & mesh A
Attic Insulation at Existing
Storage Area (192 sf); R-10
foam & OSB
A

Masonry
Frame VinylEstimated Life
Frame Brick
Sided
(Years)
Buildings
Buildings
FB
FV

$2,115

$4,250

10

$2,115

30

The 10 year life indicates that 3 installations of this w ould be required over 30 years.

Indoor Air Quality and Durability Recommendations
Additional Crawlspace Remediation
Recommendations for crawlspace or first floor insulation upgrades have been made for each of the
buildings in the pilot project. Crawlspace improvement costs directly associated with energy efficiency,
such as added insulation, are recorded in Table 4 with the other building envelope improvement
recommendations. In addition to the identified details that promote energy efficiency, it is
recommended that each of the building’s crawlspaces be remediated to ensure the building
foundation’s durability and maintain acceptable indoor air quality. Minimizing moisture in the
crawlspace accomplishes both desired outcomes, therefore, ground vapor barriers in the crawlspaces
should be repaired or reinstalled and interior and exterior spot re-grading to improve drainage should
be undertaken. Ground vapor barrier material is, minimally, 10 mil poly that is taped at the seams and
crawlspace walls. Because of trade and service persons’ traffic over the barrier, it tends to have a short
life. To assure that crawlspaces are dry, regular inspection and remediation is also recommended.
Currently GHI crawlspace inspections are conducted every five years. It is recommended to inspect more
frequently based on the crawlspace conditions noted during walk-through inspections that were
conducted by the Research Center during the pilot study. The recommendation to accelerate the
crawlspace inspection schedule to annually, produced an additional annual maintenance cost, calculated
as one hour of GHI staff time to inspect and one hour to repair any deficiencies, per building.
The Research Center recommends treating the masonry block and masonry brick frame crawlspaces as
closed crawlspaces (very similar to their current state), thus, in addition to completing the boundary
insulation and sealing all vents, a dehumidifier should be installed in the common utility area (old boiler
room). Table 5 covers the estimate for the added cost. Dehumidifiers carry three- to five-year warranties
and the useful life is estimated at eight years. Maintenance is set at one hour annually to clean the unit
and filters. Dehumidifier hoses are expected to outfall to existing sub-foundation drains or sump crocks.
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Mechanical Ventilation
Some of the GHI units had excessive indoor moisture and visible condensation or mold on floor joists,
windows, or roof rafters/sheathing. Equipping the units with the capacity to conform to ASHRAE
Standard 62.2 (a standard which promotes a minimum of 0.35 air changes per hour in a home under
normal usage conditions11) is recommended. The brick frame and frame vinyl-sided buildings have more
natural air infiltration than the masonry block buildings due to the materials and methods of their
construction, thus, different rates of ventilation are recommended (covered in Appendix A). An exhaust
fan on a timer is recommended for all building types with various recommended run times. No
maintenance cost has been calculated for fans and the useful life is estimated as 15 years, which is
similar to the life of electrical fixtures, but considerably longer than product warranties.
Humidity control is very important for occupant health and comfort and building durability. Mechanical
ventilation protects people and buildings from excessive interior moisture. Spot, or local, exhaust
mechanical ventilation, such as bathroom and kitchen exhaust fans, removes moisture and
contaminants at the source. Additionally, ventilation air, or fresh outdoor air, may be required
depending on how "tight" the house is with respect to air infiltration. Controlled mechanical ventilation
can provide ventilation air, as required, to reduce potential moisture accumulation and dilute any other
pollutants.
The top priority to control interior humidity is to install bathroom exhaust fans ducted to the outdoors;
current codes require a minimum of 50 CFM. Exhaust fans can be conventional ceiling mounted fans
ducted through the attic, or through-the-wall fans. Ducting must be sealed, insulated in the attic, and
terminate outdoors. At a minimum, fans should have timer switches that allow them to run for 20
minutes after use; optionally a humidity sensing control could be added.
Some units may benefit from additional ventilation air using one of the controlled mechanical
ventilation strategies. If a bathroom exhaust fan is utilized, a passive air inlet could be installed as a
simple and relatively inexpensive way to ensure adequate ventilation air and improve distribution. An
HRV or ERV could be installed in addition to, or instead of, the bath exhaust fan. This is a more expensive
option that would require more extensive ducting and maintenance. Various options for ventilation will
be explored further when the mechanical systems are evaluated in Phase 2.

11

http://www.ashrae.org/technology/page/548
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Table 6. Estimated Cost of Indoor Air Quality Improvements Per Building (4 Homes)
Building Construction
Unit Code

CMU Block
Buildings
B or BV

Brick-Veneered Vinyl-Sided Frame
Frame Buildings
Buildings
FB
FV

Estimated Life
(Years)

Estimated Cost
Crawlspace Remediation; cont.
vapor barrier (33%), dry, add
dehumidifier. A
Full Crawlspace Remediation,
repair grade and new vapor

15

$1,439

$1,439

$90

$90

$90

Ventilation Fan

$2,752

$2,752

$2,752

Total Cost Per Building Type

$4,281

$4,281

$8,859

A

$6,017

barrier.

Crawlspace Annual Maintenance
B

15
15

A

Allowed for vapor barrier repair to approximately 1/3 of the crawlspace of masonry buildings - B and FB
building codes. Full vapor barrier repair and regrading Crawlspace inspection cycle is one per year. A
one hour allowance for repair has been included.estimated for the FV buildings.
B
Ventilation fan covers through-wall exhaust only unit on timer.

Overview of GHI Reserve Policies and Analysis Relative to the Pilot Study
GHI has identified and reserved funds for some of the key components of the recommended building
energy efficiency improvements. In some cases, such as vinyl siding on frame vinyl buildings, the reserve
did not anticipate the level of insulating sheathing that would be recommended, thus reserve funds
were approximately 50% less than the estimated cost of the suggested improvement. Cases where
cladding had not been expected to be used, such as the masonry block buildings, indicate a considerably
higher first cost because of the need to install a protective and durable surface over the exterior
application of insulation when the building otherwise would have received nothing but a paint coat.
Table 7 covers reserve funds that have been planned for by GHI and could offset the energy efficiency
building envelope costs identified in Table 3.
Table 7. Reserve Funds for Offset of Building Energy Efficient Improvements
Building Construction or
Component

Masonry CMU
Block
All

Unit Code

B or BV

Masonry Brick Vinyl-Sided Frame
Frame Buildings
Buildings
FB

Estimated Life
(Years)

FV

Reserves per Building Type
Vinyl SidingA
Windows

B

Exterior Doors

C

Total Reserves/Building

$16,400

$13,860
$16,400

30

$16,400
$5,200

$5,200

$4,280

30

$21,600

$21,600

$34,540

30

A

Page 30 of 9/15/08 report. Note that report uses a 35-40 year life expectancy

B

Page 33 of 9/15/08 report. Life expectancy is 40 years.

C

Page 28 of 9/15/08 report. Life expactancy is 85 years.
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The inclusion of cladding as appropriate for masonry block buildings in the reserve is an apparent need,
however, future siding replacements should not require new rigid foam for either the masonry or frame
vinyl buildings.

Financial Analysis of Building Energy Efficiency Improvements
All methods of financial analysis involve assessing the costs compared to the benefits. The analysis
performed here does not attempt to monetize any intangible benefits that accrue from a project of this
type, thus, Table 8 covers the projected costs for the building envelope improvements and several
methods of financial analysis based on quantitative values, only, that can be used to weigh the prudence
of GHI or its members assuming the added investment in building envelope energy efficiency. Other
benefits that have value, such as quality of life or comfort are not monetized in Table 8. Calculations are
based on the global parameters contained in Table 2; specifically, a discount rate of 5%, an inflation rate
of 3.3%, and a mortgage interest rate of 7%. These assumptions are in common usage and follow the
methods used by GHI and its independent reserve consultants for the 2008 Replacement Reserve Plan,
thus, could be characterized as conservative.
The maintenance expenses for the EIFs, fiber cement siding, and remediated crawlspaces, as covered in
the Recommendations section of this report were estimated based on discussions with industry
professionals and manufacturers. GHI’s past experience provided the maintenance assumptions used for
all other components presented in Table 8. Representing the maintenance costs by the method
employed in Table 7 may overstate reserve requirements, as maintenance is commonly covered in an
annual budget, however, maintenance was deemed to be important to the decision-making process and
is included as part of the financial analysis. The exterior claddings that are itemized all have track
records of durability, with proper installation and maintenance, in the Maryland climate. Values are
displayed on a per-building basis, or per set of four homes.
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$42,549
($3,397)

Net Cost after Reserves are Applied to
Subtotal

Annual Mortage (Net of Reserves), 7%

$54,498

$5,200

$16,400

$3,076

$29,822

BV

R-12

$32,069

$6,037

$7,392

$29,095

($5,200)

($16,400)

$32,898

($5,200)

($16,400)

$10,469

($5,200)

($16,400)

$24,906

($4,280)

($16,400)

($13,860)

$59,446

$7,729

$4,280

$16,400

$25,000

FV

$5,200

$16,400

$3,076

FB

R13ex F+R-7

R13ex F

Less Reserves Per GHI 2008 Report

$50,695

$5,200

$16,400

$3,076

$26,019

B

R-12

Frame VinylSided
Buildings

Masonry Brick
Frame
Buildings

$36,482

($4,280)

($16,400)

($13,860)

$71,022

$7,729

$6,037

$4,280

$16,400

$36,576

FV

R13ex F+R-7

Buildings C

Frame Fiber
Cement

21.9

$5,135

$6,516

$2,680

($228)

$700

($4,290)

17.2

$21,318

$22,768

$2,680

$595

$734

($4,503)

8.9

$48,632

$49,380

$2,680

$595

$379

($2,323)

16.0

$16,319

$17,165

$2,058

$428

($2,626)

14.9

$6,319

$6,588

$702

$136

($836)

18.7

$6,926

$7,567

$1,331

$324

($1,988)

48.0

($17,731)

($16,793)

$1,331

($571)

$475

($2,913)

17.6

$10,231

$10,965

$1,621

$372

($2,279)

$28,544

($4,280)

($16,400)

($13,860)

$63,084

$7,729

$6,037

$4,280

$16,400

$28,638

FV

R13ex F+R-12

Frame VinylSided
Buildings

EIFS and fiber cement show n w ith B1-B4 savings. Masonry block w ith vinyl siding added is show n w ith B1-4 savings. Masonry block vinyl-sided building show n w ith BV3-BV6 savings (a building currently clad w ith
vinyl siding.) Frame brick modeled after FB-1 & 2. Frame vinyl-sided and frame fiber cement modeled after FV1-4. BV-5 and BV-6 (w alkout basements) w ere modeled w ith R-13 adjacent the craw lspace and end w alls.
No cost to include this has been included in the tables. The B building w ith added vinyl is a model of a block building w ith vinyl siding added. The difference in installation cost betw een B and BV buildings is the cost to
remove and dispose of the existing vinyl cladding. Note that there is also a modeled difference in energy savings betw een a masonry block building w ithout vinyl siding (B) vs the BV building w ith existing vinyl siding
installed.
C
The fiber cement product estimated for the B buildings carries a 50-year w arranty on the material in the stone/brick-look finish. The fiber cement product estimated for the FV buildings is James Harde horizontal lap
siding and its maintenance cost covers painting every 10 years.
D
Floor insulation in the FV buildings is show n net of allocated costs to remove and install R-19 FG batts ($6-$1.44 = $4.56 per sf), the cost of installing the foam insulation is estimated at $10,170.
E
The Net Cost after Reserves are Applied to the Subtotal divided by the Estimated Annual Energy Savings minus the increased annual maintenance.
F
R13ex refers to an existing frame w all w ith R-13 already retrofitted in the w all cavities (1980's upgrade program)
G
Annual maintenance includes new maintenance costs for the installed cladding materials minus the current maintenance costs for the building.
H
The Present Value of the Cash flow based on a home mortgage to finance the upgrades. The Present Value includes a calculation of the mortgage interest tax deduction.
I
The Present Value is calculated based on the cash flow of a one-time investment in the upgrades and annual savings and net maintenance costs.

B

17.4

$16,321

Present Value of Cash Paym ent (30 year
period) I

Sim ple Payback in Years E

$17,415

Present Value of Mortgage Paym ent (30
year period) H

$2,680

($228)

Cladding, (Annual Maintenance Maintenance Saved) G

Estim ated Annual Energy Savings B

$554

Average Annual Mortage Interest
Deduction (30 years @ 28% rate)

$56,409

($5,200)

($16,400)

$78,009

$5,200

$16,400

$3,076

$53,333

B

R-12

Vinyl Siding

B

Masonry Block

Estimated Annual Cost of Energy Efficiency Features and Building Cladding not Reserved

$53,735

($5,200)

($5,200)

Doors

Window s

($16,400)

$75,335

$5,200

$5,200

$64,149

$3,076
$16,400

$3,076
$16,400

$50,659

B

B
$39,473

R-12

Masonry Block
Masonry Block
Masonry Block
(EIFS With
with added
B,C
Fiber Cement
Stencil)B
Vinyl SidingB

R-12

(EIFS)

B

Masonry Block

($16,400)

Vinyl Siding

Subtotal

Floor Insulation D

Attic Insulation

Exterior Doors

Window s

Craw lspace/Slab Insulation

Cladding & Insulation

Installed Features

Unit Code

Approximate Wall R-value

Building Construction
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Table 8. Financial Analysis of Building Envelope Energy Efficiency Improvements Per Building (4)
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The first subtotal in Table 8 is the sum of the cost estimates for the recommended building envelope
energy efficiency upgrades including the replacement of windows and doors. The second subtotal in the
table nets these same costs against the amount in GHI reserves that will be available for these
components at replacement scheduled interval. This second subtotal is also the net cost required for
investment in building envelope energy efficient components (which adds exterior finish/cladding for B
buildings). The subsequent rows cover the anticipated annual costs of ownership and the energy savings
that were modeled for the renovated energy efficient buildings. The final three rows of Table 8 contain
two methods of assessing the feasibility of the project that are discussed below.
Appendix D shows the analysis covered in Table 8 financed at a 5% interest rate to recognize the
mortgage rate opportunity of the current economy.
Simple Payback
The last row of Table 8 contains the calculation of simple payback – the number of years of energy
savings required to pay off the net cost of the project (after reserves). For GHI and its members, simple
payback within the project’s time frame of 30 years would seem reasonable criteria for project
acceptance. The unique cooperative ownership of the GHI homes and the age of the housing stock
speak to tenured management of structures that have endured the test of time. Thus, the tenure and
resources to implement an energy efficiency project with a minimum vision of a 30-year horizon is
common to both the management team and the GHI members.
Each of the options covered in Table 8, but one, present a simple payback from 9 to 22 years. It is
noteworthy that the higher payback periods are due largely to the premium claddings. The real payback
starts as soon as the job has been installed for the homeowner, because energy not used and not paid
for is the income stream generated by this project. The cost of electricity has been adjusted for a fuel
escalation rate of 0.5% as indicated in Table 2. Should the cost of electricity escalate at a faster rate than
this, the savings would similarly increase resulting in a faster payback period.
Present Value Analysis
The second to last row of Table 8 contains the Net Present Value cost of energy efficiency options. Put
simply, net present value (NPV) analysis is a method of assessing the value of several projects which may
be under consideration. The analysis requires totaling all of the expected cash inflows (energy savings
and tax benefits) and outflows (mortgage payment and maintenance) over the life of the project while
concurrently taking into account that the money invested in any of these projects might have otherwise
been earning a rate of return (called the discount rate) from some other entity’s use of it (such as a
bank). This analysis has also taken into account inflation, or the recognition that these same energy
efficiency improvements are likely to cost more in the future and a ½% (one half percent) fuel escalation
rate was input to reflect the likelihood that utility prices will rise in the future independent of inflation.
Typically, present value analysis indicates positive lifetime project values for those worthy of investment
consideration.
As previously stated, it is difficult to put a price on some of the benefits of safe, durable, and
comfortable housing, so a dollar value was not calculated for many of the attributes that result from
repairing and/or replacing exterior cladding, windows, and foundations of older buildings which are the
projects under consideration here. The NPV analysis in this pilot study results in positive numbers for all
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but one of the project scenarios, so for purposes herein, the higher the positive number, the more
attractive it becomes as an investment.
Present value estimates (highlighted) in Table 8 indicate that the masonry block buildings with added
wall insulation and vinyl siding, column 5, the masonry frame brick buildings with added crawlspace and
attic insulation, column 7, and the frame vinyl-sided buildings with added R-12 insulation, column 10,
present the most favorable investments for each building type. The other options for each building type
are essentially premium or higher maintenance finishes with values that can be gauged by the net
present value estimates.
The small difference between the NPV of investing in the building envelope energy efficiency
components with a one-time payment upfront or as financed over 30 years, reflects the global rates
contained in Table 2, as well as, the tax benefit of deducting the mortgage interest at a 28% marginal tax
rate without a cap on deductions (AMT).

Summary
Within this decade, many of the homes in the GHI co-operative will approach scheduled intervals for
major building envelope upgrades. Members have expressed an interest in the investigation of and
investment in the costs and benefits of building envelope energy efficiency components in the
programmed update. This report covers part of the first phase of a three step pilot project by GHI to
collect the background information in support of an energy efficient upgrade throughout the
community. (A parallel aspect of Phase 1, which involves recording and analyzing data on current
electrical usage in the pilot homes, is underway.)
Widely-used financial analysis outcomes, reported in Table 8, support the economic feasibility of
installing additional building energy efficiency components at the time of the planned upgrades to the
GHI building exteriors. Results vary by building type, level of existing building envelope insulation, and
cladding option, however, there are options presented for each building type in the pilot study which
will generate positive estimable financial benefit within nine to twenty years of installation and
projected investment returns over the life of the components; 30 years.
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Appendix A: Energy Upgrade Summary of Pilot Homes
Before and After Energy Features
Energy Usage Simulation Results
Per Building and Per Unit (4 per Building)
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Masonry Block Building – B1, B2, B3, B4
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Modeled Energy Use B1

Modeled Energy Use B2
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Masonry Block Vinyl-Sided Buildings - BV3, BV4, BV5, BV6
Unit Code
Feature/ Component
House Type
Structural Wall Type
Front Orientation
Finished Sq. Ft.
Addition Sq. Ft.
No. Stories
Bedrooms
Baths
Foundation
Foundation R-value
Floor R-value
Vented Crawlspace
1st Floor
Attic R-value
Building Dimensions
Addition Dimensions
Window, Sq. Ft.
Window U-/SHGC
Wall R-value
Front Door
Rear Door
Air Leakage, ACH50
Mechanical Ventilation, run time

Hot Water

BV3
BV3
BV4
BV4
BV5
BV5
BV6
BV6
Before
After
Before
After
Before
After
Before
After
Town - End, C 2.8
Town - Interior, C 2.7
Town - Interior, C 3.7
Town - End, C 3.7
8" CMU
8" CMU
8" CMU
8" CMU
Southeast
Southeast
Southeast
Southeast
1080
1080
1160
1160
32
2
2
3
3
2
2
3
3
1
1
1
1
Concrete Crawl 3.5/4'
Concrete Crawl 3.5/4'
Walkout Bsmt
Walkout Bsmt
R-5
R-10
R-5
R-10
No
R-13
No
R-13
R-10 Porch Slab
R-10 Porch Slab
R-10 Porch Slab
R-10 Porch Slab
0
0
0
0
No
No
n/a
n/a
5" structural slab
5" structural slab
5" structural slab
5" structural slab
R-26
R-26
R-26
R-26
26.67x20
26.67x20
28.67x20w/bsmt.
28.67x20w/bsmt.
64/35/107/0
.55/.70
.30/.30
0
R-12
w ood 3070 2 lt.

U=.23

3068 full glass

.55/.70
0

65/0/80/0
.30/.30
R-12

70/0/120/0
.55/.70
.30/.30
0
R-12

73/0/127/49
.55/.70
.30/.30
0
R-12

w ood 3070 w /3lt.

U=.23

w ood 3070 w / 3 lts

U=.23

w ood 3070 w / 3 lts

U=.23

3070 w ood 1/2 gl

U=.23

3070 w / 1/2 lt.

U=.23

3070 w / 1/2 lt.

U=.23

3.2

3.8

4.0
0.00%

Ex.&timer 100%

7.5
0.00%

4.8
Ex.&timer 100%

3.5
0.00%

4.3
Ex.&timer 100%
0.00%
Energy Costs (excluding Fan/Pump)

Ex.&timer 100%

3.7

$353

$353

$353

$353

$446

$446

$429

$429

$1,149

$568

$783

$439

$1,117

$576

$1,353

$700

Lights

$170

$170

$170

$170

$227

$227

$227

$227

Appliances

$252

$252

$252

$252

$296

$296

$296

$296

Misc. Loads

$392

$392

$392

$392

$472

$472

$472

$472

2,777

2,142

Heating

Vent Fan

Total

$11
2,316

$13

1,746

1,950

1,619

$19
2,558

2,036

$18

Percentage Energy Savings

25%

17%

20%

Heating Energy Savngs

51%

44%

48%

48%

Energy Cost Savings

$570

$331

$522

$635

Annual Cost Savings for 4-Unit Block/Vinyl Building (2 with basements)

23%

$2,058

Modeled Energy Use BV3
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Modeled Energy Use BV4

Modeled Energy Use BV5

Modeled Energy Use BV6
NAHB Research Center
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Masonry Brick Frame Building – FB1 and FB2
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Modeled Energy Use FB1

Modeled Energy Use FB2
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Frame Vinyl-Sided Building – FV1, FV2, FV3, FV4

NAHB Research Center

Page 34

GHI Pilot Project Energy Analysis – Phase 1, Report 1 - Envelope Upgrade Evaluation
Final – April 20, 2011

Modeled Energy Use FV1

Modeled Energy Use FV3

Modeled Energy Use FV4
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Frame Vinyl-Sided Building – FV5, FV6, FV7, FV8
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Modeled Energy Use FV7

Modeled Energy Use FV8
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Appendix B: Optimization Reports by Units Modeled

The following Tables align the various energy upgrade options with the estimated energy savings. The
upgrade options include a set of energy efficiency features associated with an initial investment cost and
the associated energy savings. The investment costs are for the features that result in energy savings and
do not include any Reserves analysis as in Table 7 above. The analysis is performed based on a integrated
analysis of the estimated cost of the energy efficiency feature, the energy performance characteristic of
the feature, the replacement lifetime of the feature, the interest rate for a loan to finance the
installation, and the discount, inflation, and fuel escalation rates. Appendix C shows the graphical
representation of the Tables in this Appendix.
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Appendix C: Energy Efficiency Options
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B1 Masonry Block Unit – Options with Capitalized Cost
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B2 Masonry Block Unit – Options with Capitalized Cost
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BV3 Masonry Block Vinyl-Sided Unit – Options with Capitalized Cost
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BV4 Masonry Block Vinyl-Sided Unit – Options with Capitalized Cost
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BV5 Masonry Block Vinyl-Sided Unit – Options with Capitalized Cost
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BV6 Masonry Block Vinyl-Sided Unit – Options with Capitalized Cost
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FB1 Masonry Frame Brick Unit – Options with Capitalized Cost
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FB2 Masonry Frame Brick Unit – Options with Capitalized Cost
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FV1 Frame Vinyl-Sided Unit – Options with Capitalized Cost
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FV3 Frame Vinyl-Sided Unit – Options with Capitalized Cost
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FV4 Frame Vinyl-Sided Unit – Options with Capitalized Cost
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FV7 Frame Vinyl-Sided Unit – Options with Capitalized Cost
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FV8 Frame Vinyl-Sided Unit – Options with Capitalized Cost
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Appendix D: Cost Table Using 5% Interest Finance Rate
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Building Construction
Approximate Wall R-value
Unit Code

Masonry Block
(EIFS)B

Masonry Block
Masonry Block
Masonry Block
(EIFS With
with added
Fiber CementB,C
Stencil)B
Vinyl SidingB

Masonry Block
Vinyl SidingB

Masonry Brick
Frame
Buildings
F

Frame VinylSided
Buildings

Frame Fiber
Cement

R13exF+R-7

R13exF+R-7

R13exF+R-12

FV

FV

FV

$25,000

$36,576

$28,638

Buildings

C

Frame VinylSided
Buildings

R-12

R-12

R-12

R-12

R-12

R13ex

B

B

B

B

BV

FB

$39,473

$50,659

$53,333

$26,019

$29,822

$3,076

$3,076

$3,076

$3,076

$3,076

$3,076

$16,400

$16,400

$16,400

$16,400

$16,400

$16,400

$16,400

$16,400

$16,400

$5,200

$5,200

$5,200

$5,200

$5,200

$5,200

$4,280

$4,280

$4,280

$7,392

$6,037

$6,037

$6,037

$7,729

$7,729

$7,729

$59,446

$71,022

$63,084

Installed Features
Cladding & Insulation
Craw lspace/Slab Insulation
Window s
Exterior Doors
Attic Insulation
Floor Insulation D
Subtotal

$64,149

$75,335

$78,009

$50,695

$54,498

$32,069

Less Reserves Per GHI 2008 Report
($13,860)

($13,860)

($13,860)

($16,400)

($16,400)

($16,400)

($16,400)

($16,400)

($16,400)

($16,400)

($16,400)

($16,400)

($5,200)

($5,200)

($5,200)

($5,200)

($5,200)

($5,200)

($4,280)

($4,280)

($4,280)

$42,549

$53,735

$56,409

$29,095

$32,898

$10,469

$24,906

$36,482

$28,544

Vinyl Siding
Window s
Doors
Net Cost after Reserves are Applied to
Subtotal

Estimated Annual Cost of Energy Efficiency Features and Building Cladding not Reserved
Annual Mortage (Net of Reserves), 5%
Average Annual Mortage Interest
Deduction (30 years @ 28% rate)
Cladding, (Annual Maintenance Maintenance Saved) G
Estim ated Annual Energy Savings B

($2,741)

($3,462)

($3,634)

($1,874)

$370

$468

$491

$253

($228)

($228)

$595

$595

($2,119)
$286

($674)
$91

($1,604)
$217

($2,350)
$318

($1,839)
$248

($571)

$2,680

$2,680

$2,680

$2,680

$2,058

$702

$1,331

$1,331

$1,621

Present Value of Mortgage Paym ent (30
year period) H

$24,151

$15,023

$31,698

$53,986

$22,373

$8,246

$11,509

($11,017)

$15,483

Present Value of Cash Paym ent (30 year
period) I

$16,321

$5,135

$21,318

$48,632

$16,319

$6,319

$6,926

($17,731)

$10,231

17.4

21.9

17.2

8.9

16.0

14.9

18.7

Sim ple Payback in Years E
B

48.0

17.6

EIFS and fiber cement show n w ith B1-B4 savings. Masonry block w ith vinyl siding added is show n w ith B1-4 savings. Masonry block vinyl-sided building show n w ith BV3-BV6 savings (a building currently clad w ith
vinyl siding.) Frame brick modeled after FB-1 & 2. Frame vinyl-sided and frame fiber cement modeled after FV1-4. BV-5 and BV-6 (w alkout basements) w ere modeled w ith R-13 adjacent the craw lspace and end w alls.
No cost to include this has been included in the tables. The B building w ith added vinyl is a model of a block building w ith vinyl siding added. The difference in installation cost betw een B and BV buildings is the cost to
remove and dispose of the existing vinyl cladding. Note that there is also a modeled difference in energy savings betw een a masonry block building w ithout vinyl siding (B) vs the BV building w ith existing vinyl siding
installed.
C
The fiber cement product estimated for the B buildings carries a 50-year w arranty on the material in the stone/brick-look finish. The fiber cement product estimated for the FV buildings is James Harde horizontal lap
siding and its maintenance cost covers painting every 10 years.
D
Floor insulation in the FV buildings is show n net of allocated costs to remove and install R-19 FG batts ($6-$1.44 = $4.56 per sf), the cost of installing the foam insulation is estimated at $10,170.
E
The Net Cost after Reserves are Applied to the Subtotal divided by the Estimated Annual Energy Savings minus the increased annual maintenance.
F
R13ex refers to an existing frame w all w ith R-13 already retrofitted in the w all cavities (1980's upgrade program)
G
Annual maintenance includes new maintenance costs for the installed cladding materials minus the current maintenance costs for the building.
H
The Present Value of the Cash flow based on a home mortgage to finance the upgrades. The Present Value includes a calculation of the mortgage interest tax deduction.
I
NAHB
Research
Center
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is calculated based on the cash flow of a one-time investment in the upgrades and annual savings and net maintenance costs.
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AMT

Alternative Minimum Tax. A U.S. income tax; see www.irs.gov

ASHRAE

American Society of Heating, Refrigerating and Air-Conditioning Engineers

ASHRAE 62.2

A residential building standard “The Ventilation and Acceptable Indoor Air
Quality in Low-Rise Residential Buildings” that provides guidance on the
installation and operation of mechanical ventilation systems.

Blower Door

A device used by energy auditors to pressurize a building to locate places of air
leakage and energy loss.

Building Envelope

The structural elements of a building (walls, roof, floor, foundation) that enclose
conditioned space comprises the building envelope.

EIFS

Exterior Insulating Finish System (EIFS) is a type of building exterior wall cladding
system that provides exterior walls with an insulated finished surface and
waterproofing in an integrated composite material system.

ERV

Energy Recovery Ventilator is an air exchanger that introduces programmed
fresh air into a building using the building’s conditioned air to condition the
ambient air to minimize energy usage.

Emissivity

Emissivity is a material property that describes the relative ability of a material
to reflect (heat) radiation from its surface

Energy Factor

For Water Heaters, Energy Factor is the ratio of useful energy output from the
water heater to the total amount of energy delivered to the water heater. The
higher the EF is, the more efficient the water heater. Procedures to test the EF
of water heaters are defined by the Department of Energy (DOE) in 10 Code of
Federal Regulations Part 430, Appendix to Subpart B.

Expanded Polystyrene (EPS)
A type of rigid insulation material with open cells. EPS has an R-value of
approximately 3.4 per inch.
Extruded Polystyrene (XPS)
A type of rigid insulation material with fine, closed cells, containing a
mixture of air and refrigerant gas. This insulation has a high R-value
(approximately R-5 per inch), good moisture resistance, and high structural
strength compared to other rigid insulation materials.
Framing Factor

The framing factor percentage of a wall assembly is that portion of the wall
comprised of structural framing.

Glazing Percentage

The percentage of an entry door assembly that is glazed.

Heating Capacity

The maximum input heating rate.

IAQ

Indoor Air Quality
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Infiltration

Air leakage from the outdoors to the interior space. Air leaks add heating (and
cooling) load to the home that must be conditioned.

kWh

Kilowatt hours, a standard unit of electrical power equal to one thousand watts,
or to the energy consumption at a rate of 1000 Joules per second. Kilowatt
hours is the unit of electricity consumption of 1,000 Watts over the period of
one hour; equivalent to 3,412 Btu.

Loose Fill Insulation

Insulation made from rockwool fibers, fiberglass, cellulose fiber, vermiculite or
perlite minerals, and composed of loose fibers or granules can be applied by
pouring directly from the bag or with a blower.

OSB

Oriented strand board – sheathing for floors, walls or roofs composed of wood
fibers and resins

PV

Present value

Payback

A term in capital budgeting that refers to the time it takes to the income derived
from an investment to pay for the initial investment

Percent of Leakage

This represents the leakage area of the house as a percentage of the pre-retrofit
leakage area.

Polyisocyanurate

A rigid foam insulation with an R-value of approximately 6.5 per inch.

Present Value

Present value (PV) analysis is a method of assessing the value of several projects
which may be under consideration.

R-value

R-Value represents a measure of the capacity of a material to resist heat
transfer. The R-Value is the reciprocal of the conductivity of a material (UValue). The larger the R-Value of a material, the greater it’s insulating
properties.

SF

Square Foot

SPF

Spray Polyurethane Foam A high R-value insulation product usually made from
urethane that can be injected into wall cavities, or sprayed onto roofs or floors,
where it expands and sets quickly. (Reference to SPF in this report is intended to
cover the closed cell foam product.)

SHGC

The ratio of solar heat gain through a glazing system compared to that of an
unobstructed opening.

U-Value

The heat transfer coefficient of a material or assembly, the U-value is the
inverse of R-value. It is calculated for a total window, skylight, or entry door
assembly.

Vented or Closed

This specifies whether the crawlspace is vented, with grills that allow ambient
air flow or closed and insulated.
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Ventilation

The use of fans and ducting to either remove indoor or add outdoor air to the
home to provide a minimum level of air-exchange as recommended in building
standards.

XPS

See Extruded Polystyrene.

Zero Net Energy

Zero-net energy is achieved when a renewable energy resource (such as solar
photovoltaics) is used in sufficient amounts to offset any electricity used from
non-renewable resources. The pilot home project does not include the use of
solar electric systems on individual homes at this time.
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