U.5. DEPARTMENT OF Energy EfﬁCIany &

ENERGY Renewable Energy

NorthernSTAR 1-/>-Story
Demonstration House of Cold
Climate Solutions for

Affordable Housing

T. Schirber, C. Ojczyk, R. Jacobson
NorthernSTAR Building America Partnership

March 2016

M
U.S. Department of Energy 7




NOTICE

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

Available electronically at SciTech Connect http:/www.osti.gov/scitech

Available for a processing fee to U.S. Department of Energy
and its contractors, in paper, from:

U.S. Department of Energy

Office of Scientific and Technical Information

P.O. Box 62

Oak Ridge, TN 37831-0062

OSTI http://www.osti.gov

Phone: 865.576.8401

Fax:; 865.576.5728

Email: reports@osti.gov

Available for sale to the public, in paper, from:
U.S. Department of Commerce
National Technical Information Service
5301 Shawnee Road
Alexandria, VA 22312
NTIS http://www.ntis.gov
Phone: 800.553.6847 or 703.605.6000
Fax: 703.605.6900
Email: orders@ntis.gov




U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

NorthernSTAR 1-/2-Story Demonstration House of Cold Climate
Solutions for Affordable Housing

Prepared for:
The National Renewable Energy Laboratory
On behalf of the U.S. Department of Energy’s Building America Program
Office of Energy Efficiency and Renewable Energy
15013 Denver West Parkway
Golden, CO 80401

NREL Contract No. DE-AC36-08G(028308

Prepared by:

T. Schirber, C. Ojczyk, R. Jacobson
NorthernS7AR Building America Partnership
University of Minnesota
2004 Folwell Avenue

St. Paul, MN 55108

NREL Technical Monitor: Stacey Rothgeb

Prepared under Subcontract No. KNDJ-0-40338-05

March 2016

il



The work presented in this report does not represent
performance of any product relative to regulated
minimum efficiency requirements.

The laboratory and/or field sites used for this work are
not certified rating test facilities. The conditions and
methods under which products were characterized for
this work differ from standard rating conditions, as
described.

Because the methods and conditions differ, the reported
results are not comparable to rated product performance
and should only be used to estimate performance under
the measured conditions.
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Executive Summary

Various groups from the affordable housing industry have consulted with the University of
Minnesota’s Cold Climate Housing Program to solve persistent energy and health-related
problems such as ice dams, high energy bills, and mold/moisture issues—especially in
complicated house types such as 1-Y2-story homes in cold climates. The NorthernS7AR Building
America Partnership has completed multiple research projects on high-performance measures
applied during renovation of single-family homes that could help the affordable housing industry
address performance concerns.

This demonstration project is an example of three high-performance measures applied to one
house in Minneapolis, Minnesota. The selected vacant home was completely renovated by Urban
Homeworks (UHW), which is a nonprofit housing partner, with the intent of selling the home to
a low-income family. The renovation included the addition of the three advanced-performance
technologies that were applied to the overall scope of the project.

Single-family homes in urban areas that are available for renovation by nonprofit developers are
often in need of repair. Budgeting has historically focused on improving homes to meet basic
housing standards. A rising interest in the long-term impact of homeownership has introduced
the need to balance basic needs with home performance. The goal of this demonstration project
was to help UHW and other nonprofit developers become familiar with three U.S. Department of
Energy Building America performance measures—including the installation processes, impacts,
and benefits of each. To maximize efficiency of application and to address budget issues, the
NorthernS7AR team worked with UHW to identify ways to use volunteers and construction
training programs to install the measures. An open invitation to visit the job site was provided to
other nonprofit developers and support teams to encourage dialog about the systems during live
installation.

The three measures installed were:

e “Excavationless” insulation, an exterior foundation insulation
e “Overcoat,” an exterior thermal moisture management system for roofs

e “Combi,” a combination space and water heating system.

Four blower door tests were performed: pre-construction, post-construction, and two
intermediate tests. The final test showed a total air leakage reduction of 73%. BEopt computer
modeling predicted source energy savings of 95.4 MMBtu/yr, site energy savings of 81.7
MMBtu/yr, and a cost savings of $625 per year. Actual energy savings could not be compared to
the prediction because the home did not have an occupant before the close of the study.

The combi system was installed by a licensed subcontractor. The final cost for the combi system
installation met the original budgeted amount. Previous NorthernS7AR research has
demonstrated that the cost of a combi system is similar to installing an energy-efficient furnace
and energy-efficient water heater, yet the combi yields an overall energy savings of 15% to 20%.
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Volunteer workers assisted with the installation of the excavationless foundation insulation
system by finishing the above-grade transition from grade to siding and installing new basement
windows through the exterior insulation. Students from the Urban Construction Company
contractor training program installed the roof overcoat system. Excavationless and overcoat
systems can cost significantly more than other measures that are typically used to manage
energy, ice dam, and comfort issues. In this application, the higher costs of the three measures
were agreed upon; some additional funding came from outside sources and some costs were paid
by UHW. The expectation was that performance benefits would add value. The additional
benefits realized included elimination of ice dams, energy reduction, comfort, and an expandable
living space in the basement.

This home was renovated using three high-performance measures to address energy, durability,
and comfort problems; however, actual performance measures applied to other homes would be
chosen based on specific need, performance benefits, budget, subsidy requirements, and
volunteer/student training options. Many housing industry professionals visited the site during
construction to observe the installation of the systems and engage in conversation about hurdles
and benefits. Photo documentation and video footage followed the project sequence. Three
instructional videos will be available online to encourage continued enhancement of homes using
these measures.

xi
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1 Introduction

It is the stated mission of nonprofit housing developers such as Urban Homeworks (UHW) and
Habitat for Humanity to stabilize and improve the lives of families struggling with socio-
economic issues. Housing is a primary means for accomplishing this. While an affordable
mortgage or rent has been a primary goal in the past, there is a growing effort to also consider
energy efficiency, health, and durability. Reducing the costs associated with long-term
expenditures like utility bills, repairs, and medical intervention has become important. There are
1 million to 2 million vacant houses across the country (Kresin 2012) that could be renovated or
rebuilt for the purpose of supplying affordable housing. If these homes are not remodeled in a
way that reduces or eliminates long-term expenses, they can leave occupants at risk of
unmanageable expenses. Houses not remodeled to attend to health considerations such as mold
and allergens can also be harmful to vulnerable populations such as infants, children, and the
elderly.

With the availability of large numbers of vacant homes in urban areas around the country, city
officials and neighbors want these houses either demolished or returned to occupancy. The cost
to the community is high if homes are left empty (National Vacant Properties Campaign 2005).
After conversations with affordable housing developers we learned many vacant homes are
located in lower-income neighborhoods with generally lower market values, making it difficult
for for-profit companies to “flip” a house for profit. The task of renovation is generally in the
hands of nonprofit housing groups. In Minneapolis and St. Paul, Minnesota, a typical remodeled
house in a low-income neighborhood will sell for $130,000 to $160,000. Costs to renovate
homes, however, range from $180,000 to $210,000. This does not include acquisition costs as
they are not typically included in the final price: A city or county often donates the house to the
nonprofit. The nonprofit developer must find funds to subsidize the difference. These subsidies
come from a number of local, state, and federal programs as well as from private sources.
Adding solutions such as advanced energy upgrades can be difficult due to the perceived higher
costs and lack of understanding on how to specify the measure, add it to the budget, and manage
the installation.

To stretch the subsidy dollar, nonprofits use volunteers or minority/youth training programs to do
much of the work. They also use area subcontractors, but can be limited in options when they are
required to hire minority-owned contractors. The process of figuring out how to meet all the
funding requirements as well as budget constraints while developing a scope of work can be
difficult. Adding energy, health, and durability measures increases the complexity.

One of the first things to sort out when deciding what measures or upgrades should be included
in a scope of work is what is needed and appropriate for a particular house. The first priority is
what must be done for livability, safety, or to meet code, such as a new roof, siding, foundation
repair, kitchen, furnace, and so on. Then there should be questions about what will make the
family more comfortable and healthy and reduce their maintenance costs. What will bring value?
Make the house more sellable? While asking these questions, one must also consider the budget.

The NorthernS7AR Building America Partnership team has worked with a number of affordable
housing groups on projects over the last few years. The team has also been conducting field and
laboratory research on advanced energy-efficiency solutions for homes in cold climates. This
demonstration project is a culmination of the NorthernS7AR team’s research work on three
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individual energy saving technologies applied to one affordable housing project. The three
technologies include roof “overcoat” with an external air barrier, thermal barrier, and ventilation
system; “combi” combination water and space heating system with integrated ventilation; and
“excavationless” exterior foundation insulation system.! All of the solutions are market ready
and use products, tools, and systems currently available and in use.

The demonstration project applied all three technologies to a single house in Minneapolis,
Minnesota, in which a low-income family will ultimately live. The chosen house style was a 1-
Vs-story bungalow as there are many in the region with aging furnaces that also lack adequate
attic and foundation insulation. The demonstration home would provide a means to showcase
robust solutions for this complicated housing type.

The United States also faces the challenge of limiting carbon emissions from all sources. As
existing homes use 21% of the nation’s energy, addressing carbon emissions from this sector is
an important step. Affordable housing developers can contribute to this reduction by applying
home upgrades that conserve energy.

The goal of the demonstration project was to gain insight into the value of and hurdles to
applying three advanced energy solutions in affordable housing in order to reduce energy use and
provide healthy living situations for occupants.

The ability to work with an affordable housing developer from the onset of the design,
budgeting, and construction process provided further insight into ways to integrate advanced
solutions into affordable housing projects. Applying all three technologies to one home, though
optimal, may not be cost-effective or necessary. Understanding these advanced solutions and
their benefits will help developers chose one solution or a combination that best solves the
problems of an individual home.

The project partner, UHW, is a nonprofit developer that builds and remodels affordable housing,
They use a variety of means for completing a project including hiring skilled contractors,
advancing students through skills training programs, and using unskilled volunteers. UHW chose
to hire skilled contractors for the combi and excavationless system installations. Their
construction training program, Urban Construction Company (UC2), was guided by the
NorthernS7A4R team on the installation of overcoat with the goal of reducing labor costs. During
the installation of the overcoat and excavationless systems, the home was made available to
developers, contractors, and the community to visit and learn.

! See NorthernSTAR Building America Research Publications available at hitp://bbe.umn.edu/publications.
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2 Measures Applied to the Demonstration House

The demonstration house shown in Figure 1 was built in 1947. It was chosen by UHW for this
project as it had positive features such as a solid framework, hardwood floors, and a good-sized
living area in the upper 2 story. The concrete masonry unit foundation around the entire
perimeter was sound. The basement had 7-ft-5-in. ceilings over a concrete slab floor. There were
no constructed walls in the basement, which provides flexibility to the future homeowner to
remodel the space as needed.

Figure 1. Demonstration home in Minneapolis, Minnesota

On the downside, the house had been vacant for about 1 year and was in extreme disrepair.
Various openings in the roof and walls led to bulk water intrusion that caused rot in walls and
ceilings and water stains in the basement. Three of the four corners in the basement leaked water
due to improper landscaping and a sidewalk found to be sloping toward the foundation. Many
items were unsalvageable. Garbage and rodent nests were found throughout.

The blower door pre-test indicated that the home was experiencing a large volume of air leakage.
This made the home a good match for the three NorthernS74R-researched energy measures.
Insulation, air sealing, and ventilation of the roof would be completed using the overcoat
application to eliminate disturbance of the finished ' story. Excavationless exterior foundation
insulation would be used to insulate as well as air seal the foundation while reducing water
intrusion through the walls. Combi would eliminate the need for two mechanical systems and
reduce the number of penetrations through the building envelope.
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2.1 Excavationless Exterior Foundation Insulation

The first energy saving measure selected for this house was an exterior foundation insulation
retrofit referred to as “excavationless” (Mosiman et al. 2013). This measure solves several
hygrothermal and durability problems commonly encountered when insulating existing
basements from the interior. It also solves problems unique to insulating from the outside of the
foundation: Few people attempt to insulate basements from the exterior because traditional
backhoe excavation to access the foundation wall destroys the yard and potential structures such
as sidewalks and porches.

The excavationless system shown in Figure 2 uses hydro-vac technology combining high
pressure water and a large vacuum truck to create minimal-width trenches. Developed for the
utility industry, it enables relatively precise trenching around a foundation to remove soil from a
space 3- to 4-in. wide by 8-ft deep. The flexibility of the system enables tunneling under
obstacles and around utilities without removal of the obstacles and with little damage to
landscapes. The narrow trench can be filled with a combination of liquid/rigid insulating foam to
insulate and air seal the foundation wall and rim (Schirber et al. 2014). This method works best
for rough foundation surfaces or rubble foundations. For poured concrete and other smooth
foundation walls, water and air seal can be accomplished by draping a membrane sheet (or liquid
applied) waterproofing against the concrete wall and then inserting the appropriate thickness of
rigid extruded polystyrene (XPS) foam and backfilling with dirt.

Figure 2. Hydro-vac truck and high pressure water nozzle cutting a narrow trench

2.2 Overcoat External Roof Air/Water Barrier, Insulation, and Ventilation System

The NorthernS7AR research report “Project Overcoat—An Exploration of Exterior Insulation
Strategies for 1 ¥2-Story Roof Applications in Cold Climates” (Ojczyk et al. 2013) describes the
method of installing an air/water barrier, insulation, and ventilation system on the outside
(exterior) of the roof planes and gable walls. Exterior insulation can provide a long-term solution
to ice dams by providing three key components: reduced air leakage via a continuous air barrier,
reduced heat loss via continuous insulation, and effective roof ventilation. All are difficult to
achieve from the inside when attic space has been converted to finished living space, rafter depth
for insulation is shallow, and the roofs are complicated with dormers. Additionally, the
ventilation of the roof deck is extremely difficult if not impossible from the inside.
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The overcoat system, as illustrated in Figure 3, is a combination of rigid XPS foam insulation
and an air/water barrier fastened to the existing roof deck with furring strips. New roof sheathing
and roofing materials are layered over the furring strips. The air gap created with the furring
strips provides proper ventilation to keep the roof deck cool. Overcoat applied to the exterior
walls follows a similar process except cladding is used in place of roof sheathing and roofing
materials.

The goal of applying overcoat, with its continuous thermal/air/water membrane, to the roof and
exterior walls of the 2 story is to correct air leaks and insulate more effectively than an interior
approach. Air sealing from the interior requires detailed attention at the knee walls, flat plane of
the floor, and the slope planes and flat planes of the ceiling. Overcoat, on the other hand, makes
the entire upper level from the second floor joists up to the roof peak perform optimally with
continuous air, moisture, and thermal barriers.

) _rr}embrgne sheathing
rigid insulation underlayment
sleeper for fastening roof finish

(SRREECE *
-
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=
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Figure 3. Details for roof overcoat approach
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Figure 4 shows the layering of the overcoat materials to create the continuous thermal/air/water
barrier and ventilation as applied to the roof of a 1-'4-story home.

Figure 4. Details for roof overcoat applied to a 1-/2-story home
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2.3 Combi Space and Water Heating System

Figure 5 is the actual natural gas-fired combi space and water heating system installed in the
project house. The combi system is an existing technology tested and studied by the
NorthernS7AR team and its research partner Center for Energy and Environment (CEE)
(Schoenbauer et al. 2012). Using a large-capacity water heater as the “furnace,” water is heated
then pumped through a coil in the air handler box. As a fan blows air over the coil, the heat from
the coil is transferred to the air. The fan distributes the heated air throughout the house. During a
laboratory study conducted by the team and CEE, nine different products by various
manufacturers were tested for 2 years. The performance data was collected and analyzed. The
two best systems were then selected for installation in more than 200 affordable homes
participating in DOE’s Weatherization Assistance Program. The systems in 19 homes were
monitored for 1 year. Overall energy savings of about 20% were achieved as compared to
existing space and water heating (Schoenbauer et al. 2014).

Figure 5. Example of the combi space and water heating system
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3 Construction Collaboration Process

One of the highlights of the project was the opportunity to work with an affordable housing
developer through the design, budgeting, and construction process and weave the three
technologies into their typical process. In order to reduce labor costs, UHW identified
opportunities to use unskilled volunteers during the excavationless installation, and students from
their skilled-crew training program to assist in the installation of the roof overcoat system. The
combi system required the use of a qualified heating, ventilating, and air conditioning (HVAC)
contractor. Using in-house labor was important to the developer and built confidence within their
system that the measures could be applied to future projects.

3.1 Collaborative Partners

The following partners provided construction materials or consulting, design, and/or installation
services for the demonstration project.

3.1.1 Urban Homeworks, Minneapolis, Minnesota

UHW, a faith-based Minneapolis nonprofit, is an affordable housing developer that builds and
remodels homes for low-income families in low-income neighborhoods in Minneapolis and St.
Paul. They also develop community programs that enhance the socio-economic wellbeing of
people who live in low-income neighborhoods. The University of Minnesota’s Cold Climate
Housing program engages UHW in projects where they can learn to build and remodel homes
that achieve increased energy efficiency, enhanced health, and long-term durability.

In 2013, UHW launched Urban Construction Company, commonly called UC-Squared or UC2.
UC2 is a social venture designed to engage low-income, at-risk youth and young adults who
have completed construction training through a partner nonprofit agency, Tree Trust’s
YouthBuild program. These young people wish to work in the construction trades but lack
sufficient job experience to attain full-time employment. UC2 positions are benefited with
deliberate job skill development specific to building codes and the following core building
competencies: concrete/masonry, general carpentry, and building processes. UC2 program
participants are learning in a real-world work environment—not a classroom—while making a
living wage. The demonstration house provided an opportunity for the students to combine a
full-time field job with deliberate training while helping to lower the labor costs for the overcoat
installation. UC2 managers thought it would be a good experience to work on the overcoat
installation to develop new skills and learn a cutting edge method of renovating 1-Y4-story
homes.

3.1.2 Cocoon Home Performance Solutions by Kinzler Construction Services,
Eden Prairie, Minnesota

Cocoon is an insulation, home performance testing, and radon mitigation contractor that oversaw

the installation of the excavationless system and advised on the installation of the overcoat

process.

3.1.3 BASF Corporation

BASEF is a global chemical company that provided the liquid foam for the excavationless exterior
foundation insulation system. They developed pourable foam appropriate for below-grade
applications.
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3.1.4 Goliath Hydro-Vac Inc., Lakeville, Minnesota

Goliath provides industrial vacuum and hydro-vac excavation services to a variety of clients
including utility companies. They provided the hydro-vac truck and professional excavation
services.

3.1.5 Centraire Heating and Air Conditioning, Eden Prairie, Minnesota

Centraire is an HVAC contractor that provided installation services for the combi space and
water heating system in the demonstration house.

3.1.6 Center for Energy and Environment, Minneapolis, Minnesota

CEE is a nonprofit energy services provider and NorthernS74R Building America research
partner. They have performed extensive testing and other research on the combi space and water
heating system. They provided advice on the design and installation of the combi system in the
demonstration house.

3.2 Construction and Installation Processes

The following sections detail the steps taken to install the excavationless, combi, and overcoat
systems in the demonstration house.

3.2.1 Excavationless Installation

The first measure installed on the demonstration home was the exterior foundation insulation. To
prepare the home for the measure, the original concrete sidewalk located on one side of the
house and connected to the foundation was removed as it was sloping toward the house. Two
concrete entry stoops on the front and side of the house were left in place, as the hydro-vac
process enables tunneling under obstacles. Figure 6 illustrates how high-pressure water delivered
through a handheld wand was used by professionals from Goliath Hydro-Vac Inc. to cut into the
soil. A large vacuum hose extracted the soil and water as it was loosened. The completed trench,
4-in. wide by 5-Y4-ft deep to expose the footing, ran along the perimeter of the house.

Figure 6. The hydro-vac high-pressure water wand and vacuum used to create the trench

Upon completion of the trench, Cocoon contractors, who had prepared detailed drawings for the
system, attached 1-in.-thick furring strips to the rim joist with screws 16 in. on center. Figure 7
shows how the strips were attached flush with the top of the rim and terminated about 1 ft below
grade. The left side of the image in Figure 7 also shows how 1-%-in. XPS foam was attached to
the furring strips from the top of the rim joist down to the footing,
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Figure 7. Furring strips to hold the above-grade rigid form 1 in. from the foundation

The 1-in. cavity created by the furring strip insulation combination provided a closed system into
which liquid foam could be “poured” and allowed to expand to fill the rough, imperfect surface
of the foundation. The foam was a custom-designed product created by BASF with guidance
from the NorthernS7AR team in consideration of climate and soil. After the first few feet of
cavity were filled the team determined that the insulation wand was easier to control at shorter
depths. Figure 8 shows how the rigid insulation was trimmed just below grade to gain more
precise access to the footing while pouring the foam.

Figure 8. Pouring the liquid foam into the 1-in. cavity
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Additional XPS foam insulation was attached to the furring strips above grade. A sheet of

plywood was attached to the furring strips through the foam to prevent bowing of the rigid XPS
foam during expansion of the liquid foam (Figure 9).

o~

=

Figure 9. Above-grade rigid XPS foam held flat with attached plywood

After the liquid foam hardened, the plywood was removed exposing a smooth, plumb surface for
a future stucco finishing layer (Figure 10). The rigid-liquid foam components created a one-piece
system with a 2-'4-in. layer of insulation fully adhered to the foundation. Two benefits were
achieved: using XPS for part of the system reduced the cost compared to an all-liquid foam
system, and enabled the contractor to more accurately estimate cost prior to the application.

Faa L ,

Figure 10. Smooth, flat surface created by the rigid insulation

The final step required a transition from the top of the foam to the siding. Figure 11 shows how
the exposed face of the above-grade foam was covered with a trowel-applied stucco product. A
volunteer crew from UHW applied the stucco to the smooth side of the XPS.

10
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Figure 11. Foam system with stucco applied to one side

A metal flashing strip was used to divert water from behind and in front of the siding over the
foam. It was fashioned to protrude horizontally over the top of the foam to the outer edge and
then vertically downward %4-in. over the foam. It was attached flat against the house and tucked
under the existing building paper and siding. A narrow plank or freeze board painted to match
the cedar siding covered the metal flashing. The volunteer crew also cut in the basement window
openings and installed windows and wells. Figure 12 shows the finished appearance of the
excavationless process with the newly installed sidewalk sloping away from the house and the
exterior foundation insulation integrated into the existing siding,

Figure 12. Completed foundation insulation with trim and windows

3.2.2 Combi Installation

Figure 13 shows the finished installation of the combination space and water heating system in
the demonstration house. The system was chosen for the project as it was one of the best-
performing systems in the aforementioned combi study and would meet the needs of the
demonstration house in consideration of the performance upgrades and proposed weatherization.
A Polaris water heater serves as both the water heater and furnace with a 100,000 Btu output. Air
is delivered through the existing duct system with the help of an Enerzone air handler and

11
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hydronic coil, a deep-pleated minimum efficiency rating value (MERV) 13 air filter system to
improve comfort and indoor air quality, and an E15 ECM Venmar heat recovery ventilator
(HRV).

Figure 13. Combi system installed in the project house, including an HRV

The combi system was installed by a local contractor who had participated in the combi study
and gained significant experience with the installation. He understood the importance of a tight
building enclosure and took measures to ensure that penetrations through the rim would be air
tight upon completion of the excavationless system. Figure 14 shows the exhaust system from
both inside and outside the home through a specified sleeve installed prior to installation of the
excavationless system, which was made airtight before stucco was applied to the rigid insulation.

Figure 14. Exhaust system sleeve installed prior to application of exterior insulation

The team had the opportunity to seal the ducts in the house to deliver conditioned air more
effectively and increase comfort in the home. A donation was provided by Angell Aire, Inc. of
Burnsville, Minnesota, an authorized dealer for Aeroseal. They installed the product and
effectively reduced leakage on the supply side of the duct system only from 115.4 cubic foot per
minute at 50 Pa (CMF50) to 0.0 CFM50.

12
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3.2.3 Overcoat Installation

In an optimal design for a roof overcoat project, the roof planes and gable walls receive a
continuous exterior-applied air/water membrane, insulation, and ventilation components. The
team proposed that the demonstration house have overcoat applied to the main level walls so that
the complete building enclosure could be covered in a continuous exterior air/water/thermal
barrier from footing to peak. The budget for the project, however, was not extensive enough to
include overcoat on the main level. Additionally, UHW had been awarded a $10,000 grant for
lead paint abatement along with installation of new custom double-hung windows for the main
floor. The company providing the grant would provide the labor for the lead abatement and the
window installation only if UHW would agree to keep the siding intact. Losing the grant would
have cost UHW significant budget increases due to the added cost of new insulation, air/water
membrane, siding, painting, and new windows. The team decided to leave the exterior cedar
siding in place on both the main level and '2-story. The main level walls would remain as is with
the original 1-Y2-in. batt insulation estimated at R-5.

Because the gable walls of the V2-story could not be insulated from the exterior, insulation was
installed on the interior. To do so, the ceiling sheetrock, walls with sheetrock, and wall insulation
were removed. The short side walls with tongue and groove pine boards were left in place.
Figure 15 shows how Cocoon applied 3 in. of closed-cell spray polyurethane foam (ccSPF) to the
interior of the three gable walls between the studs. The entire floor perimeter (including side attic
areas behind the knee walls) was also insulated with ccSPF from the top of the floor joists
continuous to the top plate of the lower-level wall.

Figure 15. Interior-applied foam on the gable end

To install overcoat to the roof planes, NorthernS7AR provided guidance to the students from
UC2. They started by removing the existing roof shingles, underlayment paper, and nails in order
to inspect the solid wood (34-in.) sheathing for damage and prepare it for the overcoat layers. The
sheathing was intact and evaluated as sound enough to use as the underlayment deck. The
minimal soffit and frieze boards of the gable tops were removed. The 3-in. rafter tails were cut

13
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flush to the sheathing. Figure 16 shows the W.R. Grace Perm-A-Barrier peel-and-stick
membrane applied to the entire roof and lapped over all the roof edges to above the siding.

Figure 16. The air/water membrane applied to the existing roof deck

Figure 17 below shows how the 5 in. of polyisocyanurate (also referred to as polyiso) rigid foam
were attached to the roof deck with all the seams offset to help manage air and water. The 2-in.
by 4-in. furring strips were fastened into each rafter with 10-in. GRK lag screws. The<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>