
[In]visible House
Team Appalachian [In]sight

Presenter
Presentation Notes
Good afternoon, participants, professionals, and our esteemed judges.
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Presenter
Presentation Notes
We are here today representing Team Appalachian [In]sight from Appalachian State University in Boone, North Carolina. My name is Hazel Chang and I had the honor of being the team leader. My name is Ethan and I was part of the design team.My name is Rowan and I am representing the systems team.My name is Abe and I was part of the constructability team.As you can see in this picture, there are three other team members that unfortunately could not be present. Not present is Bahar, from the Design team, Ricky, the second member of the Systems team, and Andrew, part of the constructability team.



Industry Partners
• “Real life” project

• Schematic Review with Architects

• Tour of a zero-energy ready, mixed 
income neighborhood

• Market analysis with an Asheville 
realtor, Mary Love
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Presenter
Presentation Notes
Our team had the unique experience of partnering with Rare Earth Builders in Asheville, NC. A custom-home builder, Mark Bondurant, CEO of Rare Earth Builders, decided he wanted to branch off and build spec homes. As a collaborative effort, we have worked alongside Mark’s wishes and constraints to design for him a 1,300-square-foot, single story home, on the lot of land he purchased in Haywood County, just 25 minutes outside of Asheville.We also had great industry partnership with Samsel Architects and made a day trip to Asheville for a schematic design review. Jeff Tiller with Building Engineering Performance and Appalachian State University provided us much building science assistance. Rob Howard with Mitsubishi Electric gave us a tour of a zero-energy ready, mixed income neighborhood, providing a very similar precedent to the house we designed. Rob also provided us with good feedback on the systems we chose. Amy Musser with Vandemusser Design gave us feedback on our systems design and HERS score rating. Finally, Mary Love with Love the Green Team also provided substantial market analysis of other houses on the Asheville market and what people in the Asheville area are looking for.



Target Market
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● Retirees
● Young business professionals
● Small families

Introduction

Presenter
Presentation Notes
The buyers targeted for this house are retirees, young business professionals, and small families. The projected sales price of this house is $266,000.
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FALLS DRIVE

Presenter
Presentation Notes
What you see up on the screen here is a site plan of the plot of land. Lot 1260 is approximately three quarters of an acre in size and is accessed from Falls Drive, a private one-way gravel road. There were several constraints we had to work with: the plot of land had a driveway cut through it already, 
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Panorama of Site

Neighbors to the SEExisting Driveway

Presenter
Presentation Notes
overcoming a sudden 10-foot change in elevation. The entire plot of land also has a 1:10 slope, a difference of 30 feet from one end to the other. With such a steep grade, we had to account for the added grading cost for construction, to be kept in consideration when we discuss construction costs further on in this presentation.Another big constraint was the adjacent neighboring homes with very visible sightlines of the plot. One neighbor, south-east of our proposed house location, was concerned when she found out that the plot of land behind her house was bought over, and tried to convince Mark to sell her the plot of land. That in mind, we wanted to make sure that we considered the neighbors in the design and made sure that no direct sightlines from their main public space faces our house, which Ethan will cover later in the presentation.
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Presenter
Presentation Notes
Speaking of the word “hide”, you are probably very curious about the name of our house, the [In]visible House. This is a play on the words “invisible” and “visible”, describing our intentions on controlling the visual experience of the user. The concept of the space focuses on the experience and mystery behind the “reveal”, with dedicated spatial zones becoming apparent only through physical and visual participation. The name is also a play on two contradicting words, reminding us of a balance between many competing things: visible vs invisible, indoor vs outdoor, public vs private - a mirrored effect that translates into our design.
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Design Goals
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Presenter
Presentation Notes
Our design goals for this project are broken down into five different goals. The icons are scattered throughout our presentation to show how we achieve these goals in our design.



Intentional Vision
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● Stay hidden from neighbors
● Keep systems hidden until they need 

to be maintained
● Connect inside and outside
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Presenter
Presentation Notes
The first goal as Intentional Vision focuses on our concept and the manipulation of the occupants’ visual experience in different spatial zones in order to simultaneously facilitate a sense of privacy in relation to neighbors, as well as open circulation through paths in the home and out into the natural environment. For example, we kept the systems hidden but easily accessible and/or visible when they need to be maintained.



Conservation
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● Design a house that reaches NZE with a 
6.5 kW PV array

● Obtain ENERGY STAR, Indoor airPLUS, 
and WaterSense certifications

● Remain in the $250K market
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Presenter
Presentation Notes
Conservation, our second goal, exercises frugality with resources to not only save energy, but also to successfully manage finances and space. With our small footprint of 1,389-square-feet and price tag of $266,000, we were able to conserve both resources and money. We were also committed to finding sustainable materials, even on a tight budget.



Performance
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● Ensure clean and comfortable air is 
distributed throughout the house

● Have the potential to become an 
accessible design

● Maintain systems from within the home
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Presenter
Presentation Notes
The third goal is Performance, first and foremost to ensure user comfort and secondly, achieving net-zero energy consumption. In reference to user comfort, we made sure the house could become ADA accessible with minimal adjustments.



Constructability
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● Build upon proven construction 
assemblies

● Use negative space to add interest to 
a single story footprint

● Have a clear and documented plan for 
all major connections
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Presenter
Presentation Notes
Constructability as our fourth goal prioritizes easy design flexibility to be adapted for a variety of different locations, a key quality for a speculative house. We also used proven construction assemblies and created a clear set of construction documents.



Research-Based Innovation

13

● Produce examples, data, and/or 
calculations to justify decisions

● Visit similar buildings to learn from 
experience

● Tackle new problems by 
understanding solved problems
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Presenter
Presentation Notes
Research-based Innovation is our fifth and final goal. We strived to justify every decision we made with precedent examples, data, or calculations. For example, we referenced the NIST net zero energy home construction documents as a quality building science example.



DESIGN
Ethan Gooch

Presenter
Presentation Notes
With these design goals in mind, Ethan will now talk about the architectural and interior design of our house.



Initial Form
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Presenter
Presentation Notes
Using a rectangular form we created subtracted zones that act as major access points, 
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MAIN ENTRY

OUTDOOR ACCESS
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Presenter
Presentation Notes
with one serving as the main entrance and the other our central contact to the outdoors.
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Mirrored Floorplan

Design

Presenter
Presentation Notes
The mirrored floor plan creates distinct separation between public and private spaces with 1,389 sqft of conditioned living space 
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Central Corridor

Design

Presenter
Presentation Notes
and access to bedrooms located down a central corridor.
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Elongated Walls

Design

Presenter
Presentation Notes
Repeated elongated walls work to conceal certain aspects of the site 
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Intuitive Circulation

Design

Presenter
Presentation Notes
and by revealing zones through intuitive circulation paths (CLICK) we can create privacy (CLICK) while retaining a strong connection to nature, (CLICK) furthering the sense of wonder and realization true to the area. 
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Intuitive Circulation

Design

Presenter
Presentation Notes
and by revealing zones through intuitive circulation paths (CLICK) we can create privacy (CLICK) while retaining a strong connection to nature, (CLICK) furthering the sense of wonder and realization true to the area. 
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Intuitive Circulation

Design

Presenter
Presentation Notes
and by revealing zones through intuitive circulation paths (CLICK) we can create privacy (CLICK) while retaining a strong connection to nature, (CLICK) furthering the sense of wonder and realization true to the area. 
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Intuitive Circulation

Design

Presenter
Presentation Notes
and by revealing zones through intuitive circulation paths (CLICK) we can create privacy (CLICK) while retaining a strong connection to nature, (CLICK) furthering the sense of wonder and realization true to the area. 
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Perpetual Views

Design

Presenter
Presentation Notes
As we strive for a balanced living space between both man and nature the layout encourages occupants to experience the outdoors,paying close attention to allow for views of the surrounding trees.
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Perpetual Views

Design

Presenter
Presentation Notes
These long sightlines help connect the interior living spaces to the meditative state of the woods while also providing ample daylighting.



Landscaping
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Presenter
Presentation Notes
Taking immense inspiration from the site we wanted to keep its natural woodland feel intact.
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Natural 
Vegetation

Design

Landscaping

Presenter
Presentation Notes
Following a xeriscaping formula- we removed as little of the indigenous vegetation as possible, 
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Firepit

Grand Reveal

Design

Landscaping

Presenter
Presentation Notes
and utilized the native rhododendron to shield our building while sectioning the site- creating a grand reveal of the home as you traverse up the driveway in addition to a hidden enclave where the outdoor fire pit can be found.
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Presenter
Presentation Notes
Through the use of immersive technology we were able to bring a revit model of the [In]Visible home into the Unity game engine and explore the house in real time. This allowed us to further maximize privacy and tenant comfort by enabling us to test neighboring sightlines and spatial structure and make adjustments accordingly.
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Previous Design New Design

Master Bath Fix

Presenter
Presentation Notes
Here you can see changes to the master bedroom that we developed through the use of this technology. We found that our initial design of a wet space featuring a tub and walk-in shower was too constricting, and that a freestanding tub was more accessible.
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ADA Accessibility

Design

Presenter
Presentation Notes
On the notion of accessibility, with a few minor changes the [In]visible home can be fully ADA compliant. 
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ADA Accessibility

Design

Presenter
Presentation Notes
With five foot turnarounds and 36” wide doors already located throughout,
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ADA Accessibility

Design

Presenter
Presentation Notes
the required changes include ramps at our main access points and adjusting the door sizes on Bedrooms 1 and 2 in addition to the central bathroom. We choose to leave this as option because it made more sense financially to have it as an addition for the builder should he choose to apply it through his dealings with the investors.
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Presenter
Presentation Notes
Our structure elevations pays homage to the innate rhythm and exploratory properties found within the treeline, utilizing strategic window placement and wooden trellis’ detailing. 
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Presenter
Presentation Notes
The exterior trellises help conceal certain aspects of the site such as the electrical meter and service entrance- which allow themselves to be seen only through calculated exploration.
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Design

Presenter
Presentation Notes
Marvin Integrity windows were chosen for their high durability and performance, 
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Design

Presenter
Presentation Notes
with larger bays found in the main living spaces.
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LP SmartSide 
lap siding

7/16” ZIP system

[In]visible House – Team Appalachian [In]sightDesign

Overview of Assemblies

Presenter
Presentation Notes
When paired with LP Smart Siding and ZIP Sheathing we find an economical balance that helps solidify a sound air and water barrier.



Overview of Assemblies
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2x6 24” o.c. studs

Dense-packed cellulose (R-22)

[In]visible House – Team Appalachian [In]sightDesign

7/16” ZIP systemLP SmartSide 
lap siding

Presenter
Presentation Notes
To counteract the thermal bridging found within our 2x6 wall assembly
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2” Neopor (R-9)

[In]visible House – Team Appalachian [In]sightDesign

Overview of Assemblies

2x6 24” o.c. studs

Dense-packed cellulose (R-22)

7/16” ZIP systemLP SmartSide 
lap siding

Presenter
Presentation Notes
we used two inches of exterior foam, creating an R31 wall.
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Raised heel truss roof framing

Loose-fill cellulose (R-50)

5/8” ZIP system

[In]visible House – Team Appalachian [In]sightDesign

Overview of Assemblies

2x6 24” o.c. studs

Dense-packed cellulose (R-22)

7/16” ZIP system

2” Neopor (R-9)

LP SmartSide 
lap siding

Presenter
Presentation Notes
with a raised heel truss roof system of R50.



Zero Energy Ready Summary
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[In]visible without PV

Design

[In]visible with PV

Presenter
Presentation Notes
This resulted in a hers score



Zero Energy Ready Summary
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[In]visible without PV

Design

[In]visible with PV

Presenter
Presentation Notes
of 53 without PV,  inline with our builders target of mid-to-low 50’s 



Zero Energy Ready Summary
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[In]visible without PV

Design

[In]visible with PV

Presenter
Presentation Notes
and with the addition of a 6.6 kW PV system the home becomes net zero.
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Presenter
Presentation Notes
Upon entry into the home you are welcomed into a craftsmen accented foyer, featuring a coat closet and a large glimpse of the main communal zone. This main living space is paired with the dining and kitchen areas, sharing a large room with a vaulted ceiling, taking advantage of a smaller footprint by creating an open and accessible space.
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Matching 
Woodwork
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Presenter
Presentation Notes
Matching woodwork paired with built in casework helps carry the craftsmen aura all throughout the home 
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Hidden Mini-
split
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Presenter
Presentation Notes
while also camouflaging a ductless mini-split that reveals itself on a conditional basis for maintenance only.
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Outdoor 
Access

[In]visible House – Team Appalachian [In]sightDesign

Presenter
Presentation Notes
From here you have direct access to the screened-in porch and deck
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Presenter
Presentation Notes
allowing for an easy
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Presenter
Presentation Notes
approach to the backyard
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Presenter
Presentation Notes
and adjacent garden from your major living spaces. 
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Appliances / Materials

[In]visible House – Team Appalachian [In]sightDesign

ENERGY STAR
Approved

IntelliBalance ERV

Finish Options $ per sq. ft.

Option #1 $1.14/sq. ft.

Option #2 $5.32/sq. ft.

Presenter
Presentation Notes
Throughout the interior space you will find appliances that are stamped with Energy Stars seal of approval, all but out ERV. It's not yet certified due to it being a newer model and awaiting approval. We’re confident that it will exceed the requirements as it’s one of the most efficient systems currently on the market.All interior materials and color choices were made in order to help create a light and airy atmosphere, bringing the openness of the outdoors to our main living spaces. We created two potential finish options, one highly economical and the other more high end. Some of the differences include air-purifying drywall instead of typical drywall and hardwoods instead of linoleum flooring. We not only wanted the interior to look beautiful but also be healthy for the tenants, with all the materials meeting Indoor AirPLUS standards and Ill hand it off to Rowan to elaborate further on this.



SYSTEMS
Rowan Parris

Presenter
Presentation Notes
I will be going over some of the key aspects of our systems design, including Indoor Air Quality, Mechanical, Electrical, and Plumbing.



Indoor Air Quality

Ensure clean and fresh air

Meet Indoor airPlus 
requirements

54 Systems [In]visible House – Team Appalachian [In]sight

Material/Finish
Low/

No-VOC
GREENGUARD 

Certified
KCMA 

Certified

Paint

Wood Flooring

Tile

Countertops

Baseboards

Crown Moulding

Window Casing

Cabinets

Gypsum Drywall

Presenter
Presentation Notes
In order to measure our tactics for ensuring the most basic needs of clean and fresh air for our occupants, and to achieve ZERH status, we needed to to follow the EPA’s guidelines for Indoor airPlus certification. As you can see, we ensured that all of our materials contain low or no-VOC’s, so as to eliminate the risks inherent in sourcing finishes produced using dangerous chemicals.
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Pressure Zones

Presenter
Presentation Notes
Another, more immediate, type of source control that we focused on minimizing involved the use of exhaust fans at all points in the building known to be pollutant or moisture prone, which creates strategically depressurized zones within the envelope, in order to prevent the spread of undesirable contaminants and moisture. 
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Make-Up Air Supply

Systems

Presenter
Presentation Notes
Since we targeted passive house standards for tightness of the building, our source control strategy necessitates some make-up air supply, especially at the range hood, to contribute fresh air into the kitchen. We elected to place this supply near the floor on the kitchen  island, so that it would be in the immediate vicinity of the range hood exhaust, and circulate up through the vertical space, where the occupants need it the most, to the exhaust fan. The specific location can be adjusted by a few feet in order to accommodate the dishwasher option in the island.
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ERV Ducted Return

Systems

Filtration

57

Presenter
Presentation Notes
Once we had worked to reduce the initial production and spread of pollutants, we could then implement a filtration system. We incorporated filtration in two main locations; the first in a low-wall return grille in the hall for easy maintenance, and the second is inside the ERV that we spec’ed out, which has the capacity for a MERV 13 filter. Since we already had our depressurization strategy in place, we sized our return filter for MERV 8 to reduce static pressure drop in the ducted mini-split system, but with some minor modifications to the return grille to accommodate a deeper filter that has the appropriate pressure drop, a MERV 13 filter could be installed later if a future homeowner desired.
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Ventilation

Supply Point Exhaust Point

58

Presenter
Presentation Notes
This leads us to our design for ventilation within the home. Since we planned for a ducted conditioning system to the private rooms, we thought it more than appropriate to take advantage of those existing air pathways to incorporate the ventilation supply air. We decided to duct our ventilation supply air intake from the west side of the house, near the crawlspace access door, for the sake of drawing the cleanest possible air. However, we really wanted to avoid designing in a whole new web of ductwork just for ventilation, which would crowd the crawlspace. Our solution, then, was to place the supply grille right next to our ducted mini-split return grille in the hall. Our goal was to guide our ventilation supply air into the existing ductwork, and allow the minisplit system to then circulate the fresh air to the private rooms. To facilitate this airflow, we designed in a timer triggering the ducted mini-split to run for five minutes every half-hour to compensate for mild weather days on which the mini-splits may not otherwise need to run. Worst case, this measure would cost less than $13 per year, and would ensure regular circulation to the private rooms. However, if this solution proves inadequate in the long run, the future homeowner has the option of adding ductwork exclusively for ventilated air distribution.



Mechanical
Keep systems hidden, yet 
accessible

Meet ENERGY STAR requirements

Facilitate circulation and 
dehumidification
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Presenter
Presentation Notes
Alright, so I’ve mentioned a couple of times that our conditioning system is based on the use of mini-splits. We chose to use these units because of their high efficiency and compatibility with relatively low-load homes.



Ductless 
Unit

Mixing driven 
by exhaust and 

returns

Ducted Unit

Transfer grilles 
above hall doors

[In]visible House – Team Appalachian [In]sightSystems

Supply & Return

60

Presenter
Presentation Notes
We modeled our heating and cooling system after a technique often used in townhomes, that is, the use of two mini-splits to serve the two major spatial zones, public and private. The public zone is mostly free from obstructions, thus can be supplied by a ductless head, and the private spaces benefit from a ducted supply coming from the other mini-split, located in the crawlspace.



Load Calculations
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Presenter
Presentation Notes
Because the private spaces are served by a ducted head, we were able to utilize both Manual J and D speedsheets in our load calculations.



DehumidificationMSZ-FH09NA
Rated Sensible Heat Factor: 0.92 ● Localized exhaust fans near

moisture sources
● ERV utilization to reduce

incoming summer latent load
● Management of on/off deadband

intervals for longer runtime

[In]visible House – Team Appalachian [In]sight

SEZ-KD09NA4R1.TH

Rated Sensible Heat Factor: 0.80

Systems62

Presenter
Presentation Notes
Our team confronted two major challenges in the design of our space conditioning system. The first is dehumidification. In addition to those source control exhausts for pollutants and moisture, this is where the ducted head comes into play. By ducting the private rooms, we can control the deadband, and promote increased continuous runtime of the unit, so that it can better combat the latent load in the envelope. As “smart” technology continues to be developed, even finer manipulation of deadband during no occupancy times can be utilized to this end. Finally, we chose an ERV over an HRV for the purposes of better handling the not-insignificant latent loads of high performing houses like ours.



Distribution
● Use of forced and passive 

mixing to circulate through 
public spaces

● Option to install mudroom 
transfer fan if proven necessary
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Presenter
Presentation Notes
The second challenge we needed to surmount was public distribution. While the local exhausts we designed help guide conditioned air through pressure zones, We needed to make certain that circulation made it across the whole public space. By placing the house exhaust in the mudroom, the supply air has a clearer pressure flow path into the space. Our Industry Partner, Mark Bondurant, specifically requested we find creative solutions for this project, but we realized that some of our innovations needed backup plans, for instance, if the mudroom is not getting enough conditioned air, there is the option to install a transfer fan above the cased opening from the kitchen to the mudroom, pulling in the air from the vaulted ceiling area. Additionally, the high placement of our supplies, and low placement of the exhaust allow passive airflow to work in our favor. As the conditioned air cools or hits the cold, winter-time walls, it will sink and be drawn into the low-wall exhaust.



Electrical

Meet ENERGY STAR requirements

Minimized penetrations through air 
barrier
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Presenter
Presentation Notes
Now, let’s talk a little bit about how our future homeowner can power their mini-split system. We have plenty of room on our south-facing roof for a photovoltaic system. In order to achieve net-zero, our house requires a 6.6kW system.



PV Schematic Diagram
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Presenter
Presentation Notes
Our location in North Carolina heavily influences the economics of installing PV on our house. It’s important for us, and the future homeowner, to only install what is absolutely necessary and no more, because after five years enrolled in the North Carolina GreenPower program, the system will begin to cost more. For the sake of constructability, the raceway will be pre-installed, and will not need to penetrate the building envelope.



Lighting Electrical Plan
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Presenter
Presentation Notes
Another approach in which we went out of our way to design for maximum performance relates to our switching system for fixtures in the [In]visible House. Instead of traditional wiring, we actually eliminated the need to penetrate the envelope here as well, by using wireless switches that can be paired to fixtures by the electrician via circuit receivers that will be stored in the attic.



Plumbing

Meet WaterSense Requirements

HPWH/ERV Transfer Hood

[In]visible House – Team Appalachian [In]sightSystems67

Presenter
Presentation Notes
Finally, we come to our plumbing system design. Conservation is the name of the game in this particular area, and we knew we needed to follow the guidelines for the EPA’s WaterSense certification. 
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Plumbing Plan

ManifoldHPWH

Systems

Sump Pump

68

Presenter
Presentation Notes
What we came up with was a kitchen island that kept plumbing lines away from exterior walls, shortened water lines to fall within the 0.5 gallon hot water storage requirement, and still facilitated an East wall void of windows, maintaining privacy and usability of space.
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Trench

Systems

Sump Pump

Crawlspace Section

69

Presenter
Presentation Notes
Our water heating system is also fairly unique. We chose a hybrid electric/heat pump water heater that will be placed in a trench next to the ERV in the crawlspace to allow adequate headroom for operation. While the Heat Pump Water Heater would do a little dehumidification for us, it would also lower the temperature closer to the dew point along the crawlspace walls so that condensation would have been a concern. By connecting the ERV exhaust through the heat pump water heater, we hoped to avoid the need to install a dedicated supply that would consume more energy to condition the crawlspace, as well as save energy by supplying warmer air to the water heater in the winter. 



ERV/HPWH Energy Transfer Hood

Method Summary
● Used Energy Factors
● Averaged over 1 year
● Adjusted for HVAC Loads,

Outside Conditions, Make-up
Air Conditioning

[In]visible House – Team Appalachian [In]sight

HPWH
Energy Factors

Initial Adjusted

Outside Energy Factor 2.2 2

Crawl Space Exhaust Only Energy Factor 2.9 1.3

Inside Energy Factor 3 2.5

Supplied by ERV Exhaust Energy Factor 2.4 2.1

Systems70

Presenter
Presentation Notes
In the summer, the air wouldn’t save quite as much energy as if the water heater were outside, but after some energy analysis of the different situations, and acknowledgement of our heating-dominated climate, we concluded that the ERV/HPWH Energy Transfer design would be the better choice. Now I’ll let Abe take over to give you the rundown on our construction assemblies.Freezing a concern for outsideHVAC must make-up all conditioned air for crawl only exhaustLimited space, increased heating capacity, and localized over-cooling for insideBalancing airflow a challenge



CONSTRUCTABILITY
Abe Somers
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Section View Wall Corner Detail Window Section

Construction [In]visible House – Team Appalachian [In]sight

Envelope Layers 

Moisture Barrier
Air Barrier
Air Sealant Materials

Presenter
Presentation Notes
To achieve Net Zero Energy, the envelope must be excellent, and control layers must be detailed in a way that ensures proper construction.��You can see in this image we have highlighted the continuity of our control at critical junction points. (2 second pause)



Exploded isometric of 
construction systems.
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Presenter
Presentation Notes
Many of the features of the [In]visible House follow tried-and-true construction techniques, while modifying a selection of details.	



Advanced Framing Details

NON-LOAD 
BEARING WALL

LOAD BEARING WALL NON LOAD BEARING 
INTERIOR WALL

SINGLE TOP PLATE 
SPLICE

SINGLE TOP PLATE 
AT PARTITION
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Presenter
Presentation Notes
We are using advanced framing to minimize resources, thermal bridging, and we detailed the concepts to help builders get it right. (2 second pause)



Control Layers
• Exterior 2” neopor insulation
• Raised heel truss with space 

to accept  up to R-60 
cellulose insulation

• Taped and sealed Huber ZIP 
sheathing system

• ZIP sheathing extend down 
to the block, acting as the air 
barrier for the rim joist
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Presentation Notes
We are using a taped and sealed Huber Zip System for our sheathing, moisture, and air control on our exterior walls, as well as the sheathing and moisture control on our roof deck. We selected Neopor rigid insulation for the exterior walls and the crawl space walls, due to its cost per R- value per inch.



Truss Types

Simple Raised Heel Truss Raised Heel Truss w/ Scissors Vault

Large Raised Heel Truss w/ Scissors Vault
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Presentation Notes
We are using prefabricated trusses that have an raised heel for extra loose fill insulation.



Crawlspace 
Construction
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Presentation Notes
The crawl space is detailed as a closed-unvented crawl. Note that North Carolina requires insulation gaps for termite control and to prevent moisture wicking. This impacts the thermal performance, but we must adhere to the code.The hard part about making a great enclosure is the connections, and this is where we tried to focus the most.	



Peel-and-Stick Air Barrier 
Strip Sequence
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Presentation Notes
Take, for instance, air control between walls and the ceiling of the vented attic. We are proposing a unique solution to address this challenge. We are calling it a peel and stick air barrier strip. As you can see in the images. The strip is applied to the top plate before the roof system is installed.
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Peel-and-Stick Air Barrier 
Strip Sequence
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Presentation Notes
Then after the trusses are placed, the strip is stapled to the trusses. 
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Peel-and-Stick Air Barrier 
Strip Sequence
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Presentation Notes
As the sheathing is installed, the strip is peeled and then stuck to the sheathing.



Peel-and-Stick Air Barrier 
Strip Sequence
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Presentation Notes
The same occurs when the ceiling wallboard is set. We like this approach because it makes a very visible air barrier and limits the possibility for something like a line of sealant to be damaged and fail.



Window Detail
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Presentation Notes
Another critical detail to get right is in regards to windows. We are utilizing an  “outie” window supported by a plywood buck. �Like we did with the peel and stick air barrier strip, we developed a detailed construction sequence drawing for the windows to help the tradesmen understand our approach.�We mimicked the NIST Net Zero Energy House in preparing our details.



Plywood Window Buck
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Presentation Notes
We chose the plywood buck over ripped dimensional lumber to make it possible for future buildings of this design to have more extensive exterior insulation that might not be suitable for the ripped dimensional lumber approach.� Note that the plywood buck must have a moisture membrane applied to all sides.
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Cladding Evaluation

Testing  Moisture Performance 
in Stucco Assemblies
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Presentation Notes
Along the way, we considered several wall assemblies and cladding types. Rare Earth Builders is partial to a stucco finish, so we spent time analyzing the control layers for that system. In the end, we opted to go with LP Smart Siding, a more traditional look that  that fit within our budget and constructability goals.



Construction Costs
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Cost Estimate Comparison

[In]visible House Category
Percent of Total Cost

Baseline House [In]visible house

$16,051.84 Site Work 7% 9%

$25,934.00 Foundations 9% 14%

$21,059.00 Framing 19% 12%

$30,255.00 Exterior Finishes 14% 17%

$35,795.00 Major System Rough-ins 13% 20%

$43,680.00 Interior Finishes 29% 24%

$8,096.00 Final Steps 7% 4%

$ - Other 1% 0%

NAHB national 
average $ per sq. ft.:

$113/sq. ft.
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Presentation Notes
Ultimately we are targeting a price per square foot that is in line with the NAHB national average projected for 2017 of 113$/square foot.
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Summary of Race to Zero Construction Costs and Financial Analysis

Category Baseline House [In]visible House [In]visible House with PV

Sales Price $255,443 $266,592 $286,766

Monthly Costs:

Mortgage $1,035 $1,106 $1,173

Monthly Household Debt (0.5%MFI) $ 261 $ 275 $ 275

Operations and Maintenance Costs $196 $100 $ 100

Monthly Utilities $160 $77 $27.00

Property Tax $332 $127 $132.37

Insurance $79 $79 $79

Total $2,063 $1,764 $1,786

Annual Median Family Income (MFI) $ 52,250 $55,000 $55,000

Debt to Income Ratio 47% 38% 39%
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Presentation Notes
Our final design ended up being 10% more per square foot, pushing our original sales price from the original sales target of $250K with an estimated sales price of $266K.
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Summary of Race to Zero Construction Costs and Financial Analysis

Category Baseline House [In]visible House [In]visible House with PV

Sales Price $255,443 $266,592 $280,601

Monthly Costs:

Mortgage $1,035 $1,106 $1,173

Monthly Household Debt (0.5%MFI) $ 261 $ 275 $ 275

Operations and Maintenance Costs $196 $100 $ 100

Monthly Utilities $160 $77 $27.00

Property Tax $332 $127 $132.37

Insurance $79 $79 $79

Total $2,063 $1,764 $1,786

Annual Median Family Income (MFI) $ 52,250 $55,000 $55,000

Debt to Income Ratio 47% 38% 39%

Asheville, NC  
median asking price

$379K
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With this, our home is affordable to households that make approximately 55K per year and have a down payment of 13%. In the Asheville market the median asking price of homes is 379k, making our house a real bargain.��Also note, that a significant reason our building differs from the financial sheet is that we included significant site work in our construction budget rather than in finished lot costs.



Construction 
Schedule Overview
Major milestone schedule:
● NTP: 5/15/17
● Foundation: 6/13/17
● Dried In: 8/31/17
● Substantial Completion:

11/13/17
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NOTE: Complete 113 activity Critical Path Method schedule found in Volume II

Task Name Duration May ‘17 June ‘17 July ‘17 Aug‘17 Sept ‘17 Oct ‘17 Nov ‘17

Receive NTP 0 days

Site Prep 21 days

Foundation 24 days

Carpentry 35 days

Exterior Finishes 9 days

Finish Crawlspace 10 days

MEP Rough-in 16 days

Exterior Paint 9 days

Interior Finishes 52 days

Substantial Completion 0 days

Landscaping 1 day

Punchlist and Cleanup 3 days

Systems Commissioning 3 days

5/15

11/13
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Of course for any project to be truly successful, it needs to be built on time. �To coordinate all of the detailed activities, we developed the schedule to display the activities in which specific sequencing needs to be completed to ensure the proper and timely installation. Our schedule spans from mid-May to mid-November with a dried in date of August 31st. �With all these elements we feel comfortable that our design can be realized.



Presenter
Presentation Notes
As a net-zero energy, suburban, single family home, the [In]visible House seeks to find innovative solutions in the three different categories we have covered: design, systems, and constructability. We are grateful for this learning opportunity that the Race to Zero competition has provided for us. Thank you for your time and we will now accept any questions you may have.
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