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Though home energy use should be considered in every 
residential project, it is particularly critical for low-wealth 
individuals and families. While higher-budget projects can 
rely on a return on investment for energy-saving features, 
“affordable” housing projects built by not-for-profit organi-
zations frequently rely on reductions in construction costs 
to keep purchasing prices low for homeowners. However, 
this can result in higher maintenance and operations costs 
over the useful life of the home. Could linking home perfor-
mance to the mortgage carry of an individual homeowner 
provide opportunities to create a housing stock of homes 
that consider the total cost of homeownership? This paper 
describes a research initiative designed to seek the balance 
point between up-front investments in improved energy 
performance and home affordability in support of a pilot, sys-
tems-based approach to more affordable homeownership.

In a design-build studio format, the authors and their stu-
dents have revised and constructed multiple versions of the 
same small, two bedroom prototype home developed for the 
context of a mixed-humid climate: one built to the Passive 
House Institute U.S. (PHIUS) standard and the other to the 
Department of Energy’s Zero Energy Ready Home (ZERH) 
standard. By constructing two prototype homes on the same 
street and with similar orientation, but with differing energy-
related details, the authors are able to evaluate the initial 
cost of construction associated with achieving these two 
performance standards while simultaneously comparing the 
monthly energy savings afforded by each approach. 

Each home underwent a rigorous process of modeling, 
testing, and monitoring. Computational energy modeling 
during the design phase were used to to test various enve-
lope assemblies. At key points in construction, blower door 
tests and thermal imaging were utilized to assess the specific 
efficacy of alternative approaches construction detailing 
and to verify systems and envelope airtightness. Long-term 
monitoring is used to evaluate actual post-occupancy energy 
use against that which was predicted in the initial design 

phase. Furthermore, post-occupancy engagement with the 
homeowner allows for a deeper understanding of the design 
of end-user education programs that empower families to 
leverage the high-performance potential of their homes.

Ultimately, these findings provide an invaluable contribution 
to the authors’ broader research and development where, in 
partnership with federal agencies as well as mortgage and 
insurance providers, the team continues to explore mecha-
nisms to better integrate both the policies and products 
necessary to support a new paradigm of truly affordable 
homeownership to families in the rural South.

INTRODUCTION
While the cost of operating homes is a concern for everyone, 
it is a particularly compounded burden for low-wealth families 
living in areas of rural persistent poverty. Rural residents have 
a higher energy burden when compared to the national aver-
age, and rural low-income households face a higher burden 
than their more affluent neighbors. Furthermore, the South 
has some of the nation’s lowest energy rates yet has some of 
the highest energy bills and associated energy burdens.1 This 
is further exacerbated by an aging, and increasingly substan-
dard, housing stock.2

Rural areas have higher rates of homeownership.3 While 
home valuation in urban areas is most often based on land 
ownership, in rural areas home value is largely based on the 
leverageable asset of the house itself, which can be passed 
from generation to generation. Therefore, providing homes 
that are both durable and energy efficient is critical for main-
taining housing affordability in rural areas, and developing an 
integrated approach that links financing mechanisms to hous-
ing performance is a key strategy to unlocking affordability. 

This paper focuses on one research project designed to seek 
the balance point between up-front investments in improved 
energy performance and home affordability in support of 
a pilot, systems-based approach to more affordable rural 
homeownership. By constructing two homes built to differ-
ent third-party operating standards and then comparing the 
construction and operation costs of the home, we seek to find 
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affordable methods for building high-performance homes 
in rural markets.

RURAL STUDIO AND THE FRONT PORCH INITIATIVE
The homes presented in this paper are built on an iterative 
research project that began at Auburn University Rural Studio 
in 2004. The 20K House is a research project to develop small, 
well-designed, affordable home prototypes. Each year, stu-
dent teams design a build a small house prototype based on a 
conceptual proforma. To date, Rural Studio has designed and 
constructed over twenty-four prototype homes. 

Expanding on the 20K House work, the Front Porch Initiative is 
a faculty-led endeavor developed to extend the impact of the 
research by working with housing providers outside of Rural 
Studio’s service area. The Front Porch Initiative harnesses the 
student prototype designs and develops them into a “product 
line” of homes. There, the prototype designs are paired with 
a library of building assemblies to create climate- and client-
appropriate houses. Front Porch Initiative provides both home 
designs and technical assistance to housing provider partners 
who, in turn, build the homes in their local communities. In 
return, partners share information on the opportunities and 
challenges of developing, building, occupying, and maintaining 
the homes. Currently, Front Porch Initiative is working with 
housing providers in climate zones 2, 3 and 4 to further the 
research, with the goal of offering the prototypes to a wider 
audience in the future.

THE PROJECT 
A partnership with Auburn Opelika Habitat for Humanity 
(AOHFH) afforded a unique opportunity for a focused research 
project on energy performance. With a close proximity to 
Auburn University’s main campus, the partnership with 
AOHFH allowed Front Porch Initiative to harness additional 
student and faculty assets. The project consists of two homes 
constructed on the same street in Opelika, Alabama, approxi-
mately twenty minutes from campus. 

The home design chosen for these sites was based on Buster’s 
House,4 one of the models in the Front Porch Initiative prod-
uct line. Auburn Opelika Habitat for Humanity felt that this 
two-bedroom, 900-square-foot prototype filled a gap in their 
offerings to eligible families. Furthermore, the home met 
the 800-square-foot minimum area required by local zoning 
regulations while also fitting within the setbacks of irregularly-
shaped parcels in AOHFH’s portfolio. This allowed AOHFH to 
leverage non-conforming lots that they had previously found 
challenging to build on while simultaneously providing more 
opportunities for homeownership to their clients.

Each home was the focus of a design-build studio taught in 
the architecture program at Auburn University. The first 
house, referred to as House 66 by Auburn Opelika Habitat for 
Humanity, was designed and constructed in the spring and 

summer semesters of 2018. The second house, House 68, in 
the spring and summer of 2019. Each house was then con-
structed by the student and faculty teams working alongside 
local volunteers. 

In each instance, the students, faculty, and energy consul-
tants began with energy modelling, working through different 
iterations of key details to optimize assemblies and ensure 
each design met the respective standard.5 The final chosen 
design was modeled in WUFI to ensure compliance with each 
performance standard. Blower door tests were conducted at 
critical milestones during construction, allowing for correc-
tions to air sealing.

RESEARCH DESIGN
The primary objective behind this research project is to develop 
an understanding of how the energy performance of small, 
single-family detached homes could be optimized within an 
affordable cost-to-construct and cost-to-operate framework. 

To pursue this question, the faculty-led team elected to build 
the first home to the most rigorous certification standard: 
Passive House Institute U.S. (PHIUS). Construction costs were 
tracked and documented, and energy consumption monitoring 
began once the home was occupied. This initial choice to build 
to the highest performance standard first is a key element of 
the research design. This set optimized energy performance 
as the benchmark for the project and focused the assembly 
design, engineering, and construction efforts on finding the 
most affordable way to reach that goal. 

Using the insights gained from the construction of House 66, 
the following year House 68 was built with an eye toward 
reducing the cost-to-construct while holding as closely to 
the performance standards of the PHIUS home. House 68 
was constructed to the Zero Energy Ready Home (ZERH) 
standard developed by the U.S. Department of Energy. The 
desired outcomes of the ZERH standards are similar to the 
more prescriptive PHIUS requirements but allow more flex-
ibility in the approach to detailing construction systems 
due to its more descriptive nature. This is a key factor when 
considering construction approaches across markets and pro-
curement strategies.

Upon completion, each home was occupied by a homeowner 
family. With the permission of the homeowners, the research 
team installed monitoring equipment in each home that pro-
vides detailed, circuit-by-circuit information on energy use as 
well as indoor temperature and humidity conditions. Side-by-
side monitoring of the two homes began in February of 2020 
and will continue into 2021.

Most often housing “affordability” is addressed by investi-
gating processes of simply reducing up-front construction 
costs. As such, one of the primary barriers to delivering 
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high-performance homes in the affordable markets is most 
often the up-front additional cost that these performance 
“upgrades” require. This research theorizes that targeted 
increases in construction costs can actually enhance afford-
ability when they are considered as but a single variable in the 
total cost of homeownership. However, in order to eliminate 
any risk to Auburn Opelika Habitat for Humanity created by 
the need to increase the initial construction costs to meet the 
desired beyond-code performance outcomes, all “extra” costs 
to build the homes to beyond-code standards were covered 
through University grants and contracts.

KEY ASSEMBLIES
Based on the experience of building House 66 to the PHIUS 
standard, three key construction assemblies were identified 
as critical opportunities in simplifying constructability and 
reducing construction cost to House 68 without creating a 
significant negative impact on building performance. These 
assemblies are illustrated comparatively in Figure 2. 

APPROACH TO UNDER-SLAB AND SLAB EDGE 
INSULATION / THERMAL BREAKS
PHIUS standards place significant emphasis on limiting energy 
transfer through the foundation. The amount of under-slab 
insulation (4” of extruded polystyrene) and the insulation 
required to isolate the slab edge from the foundation wall (2” 
of extruded polystyrene) on House 66 made for a time- and 
labor-intensive detail at the top of the foundation wall. The 
necessity of a physical termite barrier associated with the 
use of under-slab foam products in the “very heavy” termite 
infestation zone further complicated the assembly. Given the 
relative mildness of climate zone 3 winters, it was determined 
that under-slab insulation at House 68 could be eliminated, 
and the thickness of the slab edge insulation was reduced (to 
¾”of polyisocyanurate) while still maintaining a thermal break. 

APPROACH TO WALL INSULATION, WINDOWS, AND 
EXTERIOR DOORS
House 66 utilized open cell spray foam in the 2x6 wall stud cav-
ity. ZIP sheathing was used as the primary air barrier coupled 

with 2” of extruded polystyrene (XPS) attached outside the 
sheathing. This provided the necessary thermal break while 
simultaneously achieving the R-value required to meet the 
PHIUS target. Vertical furring and fiber cement lap siding fol-
lowed. While this approach ultimately created a well-sealed 
and well-insulated wall assembly, it did so at an expense of 
several complex steps. It required the installation of several 
additional layers of the assembly and special detailing around 
the window frames and door openings to accommodate the 
depth of the XPS. In response to these concerns, House 68 
utilized ZIP-R sheathing, which allowed for the installation of 
the sheathing and thermal break in one step. 

PHIUS certification is tied to using PHIUS-listed products, 
and sourcing PHIUS-listed windows is often one of the most 
challenging from a supply and budget perspective. House 66 
incorporates PHIUS-listed, triple-glazed vinyl window and 
upgraded exterior doors. When designing House 68, predic-
tive energy modelling indicated that the ZERH goal could be 
achieved with a locally-supplied, double-glazed window at a 
much lower cost. 

APPROACH TO AIR SEALING AND INSULATION AT THE 
CEILING PLANE
Concerns over meeting the PHIUS air sealing target led to the 
framing and sheathing of the ceiling plane on House 66 with 
ZIP sheathing followed by a site framed roof. This provided an 
air-tight lid on the house and a ceiling joist cavity to contain 
ductwork, plumbing lines, and light fixtures below the “lid.” 
The underside of the sheathing was sprayed with closed-
cell foam with an additional 14” of blown-in cellulose in the 
ventilated attic.

This approach involved a significant amount of additional 
framing material and on-site labor. House 68 shifted to a sim-
pler approach, incorporating prefabricated roof trusses. The 
gypsum wallboard (GWB) at the ceiling acts as the top-side air 
barrier. It was determined this approach was more in line with 
a typical Habitat for Humanity build and provided the opportu-
nity to explore the management of air leakage with this more 

Figure 1. Completed houses. House 66, left. House 68, right. Image credit Matt Hall.
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Assembly Comparison: Walls

FCB Lap Siding FCB Lap Siding

1x2 Furring Strip

2” XPS Insulation

7/16” ZIP Sheathing

1-1/2” ZIP R-Sheathing

ZIP Flashing Tape @ Joints

ZIP Flashing Tape @ Joints

5-1/2” Open Cell Foam Insul

5-1/2” Mineral Wool Batt Insul

2x6 Studs @ 24” O.C.

2x6 Studs @ 24” O.C.

1/2” GWB

5/8” GWB

Wall Assembly
Total R-Value: R-33 

Wall Assembly
Total R-Value: R-29

HOUSE 66 HOUSE 68PHIUS ZERH

Assembly Comparison: Foundation & Floor

Termite Shield
Termite Shield

4” Conc Slab

4” Conc SlabVapor Barrier

Vapor Barrier4” XPS Insulation

3” XPS Insulation

3/4” Polyiso Insulation
Site-Formed Conc Curb

CMU Bond Beam

Foundation & Floor Assembly
Underslab: R-24
Slab Edge: R-18

Foundation & Floor Assembly
Underslab: R-0
Slab Edge: R-5

HOUSE 66 HOUSE 68PHIUS ZERH

Assembly Comparison: Ceiling & Roof

Air Sealing Line Air Sealing Line

7/16” ZIP Sheathing

14” Blown-In Cellulose Insul

Roof Rafters @ 24” O.C.

Trusses @ 24” O.C.

Ceiling Joists @ 
24” O.C. - Beyond

1/2” GWB 5/8” GWB

2” Closed Cell 
Foam Insul 2 Layers 5-1/2” 

Mineral Wool 
Batt Insul

Ceiling & Roof Assembly
Total R-Value: R-62

Ceiling & Roof Assembly
Total R-Value: R-46

HOUSE 66 HOUSE 68PHIUS ZERH

Figure 2. Comparison of Key Assemblies. 
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straightforward approach.

In House 68, the GWB ceiling was installed first, followed by 
air sealing the joint between the GWB and the top plate to 
ensure a good perimeter seal. This break in the GWB instal-
lation sequence meant the installer had to make two trips, 
increasing cost on that part of the project. 

ACTIVE SYSTEMS
The approach to active systems on the two houses is almost 
identical. Both homes utilize mini-splits as the heating and 
cooling source, a small, in-wall dehumidifier to supplement the 
mini-split in the humid seasons, an ERV, and a heat pump water 
heater. The main difference in the two houses is that House 
66 has a PHIUS-listed high-efficiency ERV, and the mini split on 
house 68 is a bit more efficient than the unit used in House 66.

RESULTS (TO DATE)
Given the differences in construction approach and perfor-
mance standards, the research team measured the cumulative 
effect of the interventions by comparing air tightness and HERS 
scores. Upon completion of construction, a final blower door 
test confirmed air tightness results of 0.37 ACH50 at House 66 
and 1.76 ACH50 at House 68.6 A more comprehensive measure 
of performance, the HERS score takes into account assemblies, 
air tightness, and equipment efficiencies. House 66 achieved a 
final HERS rating of 38. The team is still in the process of final-
izing certification for House 68, but the predicted score is 38 
despite different envelope approaches.

As noted above, construction costs were carefully documented 
for each home, and the research team is now performing 
ongoing energy monitoring on both homes to see how the 
differences in approach to the key assemblies translate into 
energy use. Side-by-side monitoring began in February 2020, 

yielding nine months of comparative data as of the publication 
date for this paper.7 

Figure 3 illustrates how the changes to key assemblies trans-
lated to construction costs. As with all Habitat for Humanity 
projects, while some key work is subcontracted to licensed 
and/or skilled tradespersons, the majority of the on-site 
work is performed by volunteers (in this case, students, fac-
ulty, and community volunteers). Consequently, the project 
cost histories do not provide a complete picture of the labor 
costs. However, cost data presented here reflect the same 
approach regarding volunteer versus subcontracted labor 
on both homes. 

The costs tallied here are isolated to the elements of the build-
ing design that relate most directly to performance:8 

• Active systems (ductless mini-split, ERV, water heating, etc.)
• Insulation
• Windows and exterior doors
• Framing
• Foundation
• GWB at perimeter envelope

The total difference comes to about $10,600, with the larg-
est differences coming in the costs of the foundation system, 
insulation, windows, and exterior doors.

To more closely compare the energy use of two homes with 
different families as occupants, the collected data is grouped 
into three sets: 

• Category One – This category of energy use relates most 
directly to how a house is designed and built. It includes 
the costs to heat and cool the home, the active ventila-
tion system, and the dehumidifier. Additionally, interior 
temperature and humidity are monitored to understand 
differences in the interior conditions that tie to the associ-
ated energy use in this category.

• Category Two – This category of energy use include light-
ing, large appliances, and water heating. These costs are 
impacted by the efficiency of the equipment specified 
but are also impacted by variable occupancy patterns 
and appliance use.

• Category Three – This includes all the user-connected 
appliances and fixtures. These “plug loads” are entirely 
occupant-driven. While they can have a significant impact 
on the total percentage of overall energy consumed 
(particularly in a high-efficiency house), they have little 
relation to the way the home was constructed.

Figure 4 illustrates how these three categories of energy use 
add up for each home, and Figure 5 shows how the Category 

Key Assemblies & Systems

Active Systems

Foundation & Floor

Walls

Ceiling & Roof

Windows & Doors

$9,441

$7,599

$2,465

$3,321

$5,625

$3,276$9,271

$5,789

$10,444

$12,311

$18,192
$12,548

Windows & Doors

Insulation

Active Systems

GWB @ Envelope

Framing

Foundation

$60,000

$50,000

$40,000

$30,000

$20,000

$10,000

HOUSE 66

TOTAL COST OF KEY ELEMENTS

HOUSE 68

$44,844

$55,438

$0

PHIUS ZERH

Figure 3. Comparative Construction Cost of Key Elements
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One energy use tracks over the nine months of use data col-
lected so far. A few unexpected variables have impacted 
the energy use, such as the stay-at-home order associated 
with the COVID-19 pandemic and a faulty humidistat at one 
of the homes.9 

It is important to note that these results reflect energy data 
from only three-quarters of a year. It is expected that the added 
insulation in House 66 will translate to a performance advan-
tage during the three coldest months of the year (November 
–January). However, the data collected so far suggests that 
the cost-saving measures associated with House 68 are not 
translating to significant penalties to the performance thus far. 

Returning to the question of how the cost-reduction strategies 
impact operating costs, and how this relates to affordabil-
ity, the data collected thus far is beginning to provide some 
emerging answers. 

The costs to heat and cool both homes (Category One energy 
use) is under $21 per month ($250/year), compared to just over 
$67 per month ($800/year) for an average home in Alabama.10 

Establishing such an ambitious goal for operating cost savings 
is critical to our goal of redefining “affordability” as inclusive 
of the cost-to-operate. Energy cost savings of $46/month can 
offset over $9,000 in up-front investments in performance.11 

The $10,600 cost premium on key systems for House 66 trans-
lates to about $53 per month more in market-rate mortgage 
costs. As illustrated in Figure 4, based on data collected to-
date, the envelope and systems upgrades on House 66 do not 
result in a net savings per month on costs to heat and cool 

the home. Even if House 66 returns a savings in the colder 
months, the alterations to the key details on House 68 appear 
to translate to an effective approach to balancing ambitious 
performance and affordable construction costs. 

NEXT STEPS
The research team will continue to monitor energy use on the 
two homes through the 12-month mark (January 2021) and will 
update the findings accordingly.12 Additionally, the research 
team will conduct focused investigations into the performance 
of specific elements of the key assemblies identified above. 
The first of these investigations will include an analysis of the 
heat transfer characteristics of the different under-slab and 
slab-edge insulation approaches in House 66 and House 68. 

The team will also seek to better understand the differences 
between actual energy use and the model-predicted energy 
use, with the goal of helping Front Porch Initiative partners 
understand how to use modelling as a resource when evalu-
ating alternative construction approaches. The team will 
also be investigating the labor costs that would be incurred 
if the scope of volunteer-constructed components of these 
homes was reduced. 

All of the findings from this study will be folded back into ongo-
ing research into the most effective and affordable ways to 
integrate high performance construction approaches into the 
homes in the Front Porch Initiative portfolio. The Front Porch 
Initiative is working to re-center the definition of “affordable” 
as inclusive of the total cost of homeownership. Concrete, 
field-validated evidence of the operating cost benefits associ-
ated with up-front investments in energy performance—and 
the costs of implementing them—is critical to helping not-for-
profit housing providers and advocates embrace this approach.

Energy Consumption Comparison by Category

244 kWh
($32.89)

148 kWh
($19.98)

272 kWh
($36.76) 250 kWh

($33.78)

155 kWh
($20.97)

144 kWh
($19.42)

HOUSE 66
PHIUS ZERH

HOUSE 68

600 kWh

700 kWh

500 kWh

400 kWh

300 kWh

200 kWh

100 kWh

AVERAGE MONTHLY ENERGY USE (kWh)

0

Category 3

Category 2

Category 1

Note: Local utility rate average cost @ $0.135/kWh

House 68 (ZERH)

House 66 (PHIUS)

CATEGORY 1 ENERGY USE (kWh/month)

50 kWh

0

100 kWh

150 kWh

200 kWh

250 kWh

Feb Mar Apr May June July Aug Sept Oct

($73.18)

($90.61)

Figure 4. Total Average Monthly Energy Use in kWh.
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Energy Monitoring Timeline

100 kWh

50 kWh

AVERAGE TEMP

MONTH

150 kWh

200 kWh

250 kWh

300 kWh

Feb
53o 65o 64o 71o 78o 82o 79o 73o 67o

Mar Apr May June July Aug Sept Oct Nov JanDec

2020.02.01

Simultaneous 
energy 
monitoring 
begins

2020.05

House 68 
dehumidifier 
malfunction 
begins

2020.06.15

House 68 
dehumidifier 
turned off

2020.11.10

House 68 
dehumidifier 
turned on

AL Stay at 
Home Order

2021.01.31

Simultaneous 
energy 
monitoring     
to end

House 68 (ZERH): WUFI model predictedHouse 68 (ZERH): actual

House 66 (PHIUS): WUFI model predictedHouse 66 (PHIUS): actual

Figure 5. Category 1 Energy Use: Actual and Predicted
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