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INTRODUCTION: ABSTRACT

Alley House as a Case Study

First & Foremost, Alley House...

Is a local affordable housing solution to a global climate crisis, which
disproportionately impacts the poor, vulnerable, and disenfranchised.

Employs high-performance building design to ensure the comfort,
health, & well-being of low-income residents who often struggle to find
quality affordable housing in the area & are being displaced due to
gentrification pressure from market-rate urban development.

Uses onsite renewable energy production & other resource
conservation measures to dramatically reduce monthly utility bills for
residents, which can be a significant portion of their monthly income.

Acts as a catalyst for sustainable urban infill housing in an area
struggling from decades of disinvestment, vacancy, & property
abandonment to enhance quality of place & community interactions.
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Introduction: The Alley House Design-Build
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SD Team: Ball State University + Englewood
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Solar Decathlon 2023 Awards: We WON!
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Solar Decathlon Build Challenge: 20 Years
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Solar Decathlon 2023: Build Locally
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Phius Prescriptive Path
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Phius Prescriptive Path
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ALLEY HOUSE OVERVIEW

Sustainability: Equity — Economy - Environment
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Engaged Community Partner: Englewood
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Community and Student Engagement
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Urban Design of the Alley House
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Site Selection, Analysis, and Planning
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Form Development
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First Floor Plan
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Kitchen as the Heart of Home
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Living Room with Media Wall
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Second Floor Plan
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Upstairs Flex Space
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Upstairs Flex Space
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Mezzanine & Stack Ventilation
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Alley House Sections & Details
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Alley House Elevations
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Detail and Materiality of Alley House
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ALLEY HOUSE DESIGN PROCESS

Sustainability: Equity, Economy, Environment
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Ball State Team: Six Design Goals
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Two Compact Units: 1350 sf East and West

Phius Conference 2023 | Houston, Texas November 8-11, 2023



Urban Duplex: Analysis & Design Equity
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Contextual Design: Temple Street Facade
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Urban Neighborhood Vacant Lots Study

Phius Conference 2023 | Houston, Texas November 8-11, 2023






Economic and Market Viability
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Affordable Duplex on Alleyway Vacant Lots
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Passive Design Considerations Lower Costs
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Rent to Own: Potential Tenants
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Rent to Own: The New Tenant Amber
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Biophilic Design Promotes Health + Well Being
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Hand-Craft in Natural Hardwoods
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Stair Rail Construction
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Collaboration with Landscape Architecture
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Integrated Design Thinking
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Rain Garden & Bio Swale Construction
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Family Centered Open Space Design
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Major Gathering Areas on First Floor
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Kitchen Cabinetry Construction & Installation
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Media Wall & Study Space Installation
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Family Centered Quality & Adaptability
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ALLEY HOUSE CONSTRUCTION

Sustainability: Equity, Economy, Environment

Phius Conference 2023 | Houston, Texas November 8-11, 2023



wes>.so0cf oec o




Frost Protected Shallow Foundation

Phius Conference 2023 | Houston, Texas November 8-11, 2023



Frost Protected Shallow Foundation
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Sub-Contractor Innovation in Slab Pour
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High Performance Enclosure System
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Advanced Framing Construction
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Advanced Framing with Zip Sheathing
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Floor Framing Construction
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Engineered Roof Trusses
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Framing “Topping Off” Celebration
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Window Selection: U factor and SHGC
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Window Buck-out

Phius Conference 2023 | Houston, Texas November 8-11, 2023



Services: Good — Cheap - Fast
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Ven Diagram: Good Cheap Fast
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Cement Shortage - Infrastructure
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Insulation Installation

Students helping with cellulose installation Installation of two layers of Rockwool Cladding installation

Interior — 2 x 6 advanced framing wall Exterior — taped layer of ZIP sheathing and 2 Exferior - fur.ring strips installed for cladding,
cavities filled with Greenfiber Sanctuary layers of Rockwool mineral wool continuous  cllowing moisture fo escape
dense packed blown-in cellulose insulation 5" totall
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Alley House Elevations
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Alley House Elevations: Built
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Mechanical System: Split System Heat Pump
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Ventilation System: Energy Recovery Ventilator
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Hot Water System: Heat Pump Water Heater
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Finished Installation: First Floor
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PV Array Electrical System
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Alley House Performance
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Affordability & Sustainable Materials
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Affordability & Industry Partnerships
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Industry Partners & Products On Site

EcoVantage Wood Rockwool Mineral Wool Greenfiber Cellulose AeroBarrier Greenheck ERV®

Pella Windows Jefferson Electric Solar Quartz Countertops Mitsubishi Heat Pump
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ALLEY HOUSE PERFORMANCE

Sustainability: Equity, Economy, Environment
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Measured Contest Areas Testing
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Instructions: Drag and drop each of the 9 measured contest events onto the calendar (the boxes are

sized according to the number of days the event takes) and send back to the Organizers by March 15t,

2023 at sdbuild@nrel.gov . Below is some additional information and conditions to keep in mind when

making your team’s schedule:

- For contests that involve automated data collection (Continuous Monitoring Period, Interior Light
Levels, Solar Energy Utilization, Passive Performance, Energy Production), the scored period will

begin at midnight (local time zone) on the first day, and end at midnight on the last day outlined on 20 21 22 23 24 25
your schedule. These contests may occur on weekends, as no Organizer presence is necessary. Bl EV .
- The EV charging event requires team members and Organizers to be present at the start and end ower . Passive Performance
of the 24-hour period. Neither the start nor end of this event may occur on a weekend. Door/HERS Charging 2 Davs FRI 5pom
- The Measured Contest Day may not occur on a weekend, as this involves Organizers to be present 1 Day 1 Day \ P
via Zoom.
- The Blower Door Test and HERS Rating likely cannot occur on a weekend, unless the third-party
vendor allows. The Organizers will create an introduction for you to the vendor. It is not
recommended to overlap this event with others, as it will take most of the day and could interfere
with ongoing measurements. Teams must work with the vendor to determine a date for this event.
- The Net Zero Energy subcontest is not included in the schedule because it will be completed
virtually by a third party.
- The Passive Performance subcontest cannot overlap with any other events.
- The House Occupancy subcontest must occur during the Continuous Monitoring Period. 26 27 28 29 30 31 1
- Besides the two conditions immediately above, all other contests can be overlapped in any way
that teams decide. Passive Interior Light Levels Solar Energy Utilization
- Starting March 20, teams will be subject to a 1 point penalty per day until any one of the 9
subcontests has started. SUN 5 [l 3 Days 3 Days
- Once a team submits their Measured Contest Schedule to the Organizer Team by March 15%, the
schedule cannot be changed unless there are extenuating circumstances, as determined by the D.8 DUE Energy Continuous Monitoring Period
Organizers. ' Production
- Please submit this powerpoint to the Organizers by March 15, 2023, and include the local time 5 pm 1 Day 5 DavS
zone for your team’s house in the email. The Organizers will check your team’s schedule and
approve it within 24 hours of the submission as long as it follows the above guidelines.
Continuous Monitoring Period
5 Days 2 3 4 5 6 7 8
Net Zero
: : House Energy House Grand Measured AlA Day E
Interior Light Levels ! . nergy
3D Occupancy Production Occupancy  Opening Contest Talk/Tour Efficiency
ays 1 Day 1 Day 1 Day 4-8 pm 1 Day 4-6 pm (Virtual)
Solar Energy Utilization Measured 81 Continuous CAP
3D Contest Day Energy/Effic L. iod .
ays 1 Day Virtual Monitoring Perio Alumni
; Blower 5 Days 4-8 pm
Passive Performance i
2T Door/HERS

1D
2 Days = 1 Day


mailto:sdbuild@nrel.gov

BUILDING DESIGN ZERO ENERGY PHIUS

ELEMENT READY HOME PRESCRIPTIVE
TARGET TARGET

Roof R-value 2021 IECC Prescriptive R = 66 effective

Wall R-value 2021 IECC Prescriptive R =35 effective

0.40 0.40

ACHS0 = 3.0 0.04 cfm/ft2
enclosure

UEF = 2.57 UEF > 3.0

Whole-house mechanical 2.9 cfm/W; heat 1.2 cfm/W; heat

exchange not required exchange required

100% Energy Star varies =83 Im/W

from 33 to 60 Im/W
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Measured Contest: Energy Performance
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Measured Contest: Energy Performance

Daylighting limits need for lighting
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Energy Performance Contest Scores
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Measured Contest: Integrated Performance
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Monitored Contest: Integrated Performance

Light sensors in
kitchen & study
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Integrated Performance Contest Scores
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SOLAR DECATHLON CHALLENGE . SUPPORTING PHIUS ELEMENTS

Integrated Performance: Exceptionally low infiltration; quality
Airtightness Subcontest— assurance protocols that involved
All available points are earned for a multiple blower door tests

measured air tightness of less than or
equal to 0.05 cfm50/ft?

Integrated Performance: Exceptionally low infiltration; triple
Passive Performance Subcontest— paned windows; high-R enclosure;
The home’s ability to retain interior verified solar control; reduced interior
thermal comfort over a 48-hour loads resulting from lighting and
period without the use of active appliance efficiency

heating or active cooling

Integrated Performance: Excellent daylighting offer little use of
Lighting llluminance Subcontest— electric lighting during daytime; verified
300-1,500 Ix monitored over 3 days lighting efficacy > 83 Im/W in light fixtures



Measured: Comfort & Environmental Quality
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Measured: Comfort & Environmental Quality
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Comfort/Environment & Occupant Experience

*  April 319 House Occupancy Dinner
with 6 guests, 2 from Ball State, 2
from the Community and 2 from the
Building Industry with 4 students
and faculty.

*  April 5" was Alumni Day and One
Ball State Day of Giving. 98 past
students, now Alumni, came out to
see the Alley House.

*  April 15" was Ball State Open
House Day at the Alley House.
Tours and food were enjoyed by
238 attendees, which included the
president of Ball State University,
the dean of the College of
Architecture and Planning, the chair
of the architecture department,
student and faculty co-leads, and
the director of sustainability whom
all spoke a few words about the
project.
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Comfort & Environmental Quality Scores

Phius Conference 2023 | Houston, Texas November 8-11, 2023



SOLAR DECATHLON CHALLENGE I SUPPORTING PHIUS ELEMENTS

Comfort and Environmental Quality:
Temperature and Humidity Control
Subcontest—

All available points are earned for
maintaining a time-averaged interior
dry-bulb temperature between 68°F
and 74°F and a time-averaged relative
humidity between 35% and 50%.

Comfort and Environmental Quality:
Indoor Air Quality Subcontest—

All available points are earned for a
time-averaged interior CO2 level below
1,000 PPM following occupancy of at
least 8 individuals for 1 hour.

Exceptionally low infiltration; triple
paned windows; high-R enclosure;
verified solar control

Balanced ventilation using an ERV;
compliance with the EPA’s IndoorAir
PLUS program



SOLAR DECATHLON CHALLENGE I SUPPORTING PHIUS ELEMENTS

Comfort and Environmental Quality:
Comfort Gradient Subcontest—

All available points are earned for
achieving a maximum delta of time-
averaged interior dry-bulb
temperatures of 3°F across all
measurement locations.

Comfort and Environmental Quality:
Exterior Noise Infiltration Subcontest
All available points are earned for a
measured sound pressure level from
outside noise intrusion less than or
equal to 35 dBA based on peak hour
sound level equivalents of 90 dBA.

Exceptionally low infiltration; triple
paned windows; high-R enclosure;
verified solar control; concern for air
distribution

Exceptionally low infiltration; triple
paned windows; high-R enclosure

Oddly the Alley House did not do well in
this subcontest—despite the above
design moves



Measured Contest: Occupant Experience
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Measured Contest: Occupant Experience
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Occupant Experience Contest Scores
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Juried Contest: Durability & Resilience

Locally Sourced Materials

* Thermally modified wood used on
exterior and interior details

e Reclaimed limestone slabs for
walkway set in gravel

e Reclaimed walnut wood for built-ins

* Cement board siding with rainscreen
for moisture control and durability

Design & Construction Detail

* Well-detailed continuous control
layers and rain screen

Manufacturers’ Warranties

e Reduce maintenance burden for
occupants
* Improve building longevity

* Resident Guide for use of the Alley
House explaining passive design
strategies and active systems
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Juried Contest: Durability & Resilience

EcoFlow Delta Pro 2

* Portable and expandable
backup system

* Ouitlet to plug info when power
outage to utilize battery backup

* Interlock in electrical panel can
easily be toggled by the
homeowner during power
outages

* Two batteries — 7200W, 240V
output

s /.2kWh capacity tofal Solar Edge Inverter and power optimizer

Weathering an Outage

During an outage, it is estimated that the
EcoFlow Delta Pro 2 system can power the
following critical functions:

Refrigerator: 4 days
Lighting: 8 days

Air conditioner: 7 hours

Interlock device for toggling power source Battery backup system set up in the mechanical room
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SOLAR DECATHLON CHALLENGE . SUPPORTING PHIUS ELEMENTS

Durability and Resilience: Continuous control layers that were well-
Durability— articulated, well-detailed, and site

The ability of the building envelope to inspected; substantively reduced
maintain long-term performance infiltration

despite routine environmental

conditions

Durability and Resilience: Battery backup system with substantially
Resilience— reduced heating and cooling loads that
The ability of the building to maintain extend the life of battery backup during
critical operations during disruptions outages

and quickly restore normal operations.



Juried Contest Areas Results
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Juried Contest Areas Comments
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Measured & Juried Contest Areas Results
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ALLEY HOUSE CONCLUSION

Equity — Economy - Environment
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Community Engagement & Public Exhibit
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Student-Directed Design and Led Tours
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Student Hand-Crafted Details in Fabrication
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Student Faculty Collaboration
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Clear Building Performance Metrics

Phius Conference 2023 | Houston, Texas November 8-11, 2023



Thank you
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