
Phius Con 2025 | Milwaukee, WI October 6-7, 2025

Alley House: Phius Zero 2021 Certified
Building Performance Monitoring and 
Post-occupancy Evaluation Highlights

Phius Con 2025 | Milwaukee, WI October 7-8, 2025

Pam Harwood, AIA, NCARB
Professor of Architecture

Ball State University

Tom Collins, PhD, RA
Associate Professor of Architecture

Ball State University

Shannon Stendel, PMP 
Senior Manager

Slipstream 



Phius Con 2025 | Milwaukee, WI October 6-7, 20252

Background: The Alley House, Indianapolis
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Solar Decathlon Build Challenge 2023
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Form Development: Solar EquityThe alley, giving the Alley House its name, 
highlights an existing east west alley. 
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Urban Planning: Front to Back Family Units“Cradle to college” planning strategy 
allows families to walk to local schools
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1st floor: 1 bedroom, 1 full bath, kitchen/living, 
porch, & mechanical. Each unit is 1,380 SF

First Floor Plan: West and East Unit
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KITCHEN AS THE HEART OF THE HOMEKitchen as the Heart of Home
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Second Floor Plan: West and East Unit

2nd floor: 2 bedrooms, 1 full bath, laundry, a 
multi-purpose flex space, and a special space 
at the top stair landing.
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Details: Enclosure System + Control Layers

Exterior Envelope: 5.5” dense-pack cellulose 
cavity insulation with 5” mineral wool board 
continuous insulation.
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Sustainable Strategies + Passive House

Sustainability strategies are visible on the exterior. 
Building envelope performance focuses on 
airtightness & thermal bridging
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Phius: Prescriptive Path to Performance Path

PHIUS Core 2021 Certified – Alley House West Unit 
(PB) was initially Designed to meet the PHIUS Core 
Prescriptive Certification
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Thermally Modified Wood: Biophilic Design
The Alley House uses thermally modified wood 
(pine + poplar) inside and out to create biophilic 
spaces.
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Community Engagement ActivitiesExtensive community engagement during 
the design process with students.
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Frost-protected Shallow Foundation

8” Frost-protected shallow foundation (FPSF) 
by Legalett, sits on 6” EPS foam board.
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Advanced Framing
2x6 Advanced framing wall system (studs 24” oc) 
was used with TJI floor framing
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Continuous Insulation + Rain Screen

West unit built to PHIUS (PB) standards, East unit 
built to better than code-compliant standards
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Student Design-Build: Cabinetry + ModularsBall State students designed, built, & installed all 
interior cabinetry, from kitchen cabinets to media 
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Installation of Modular, Stackable Cubes
Students building the stair screen and installing 
built-in storage cubby units. The shelf is 
reclaimed walnut.
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Public Open House Events
We held public open house events to showcase 
the units and interact with the community.
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Alley House: National Awards

The Alley House has won several national awards from 
SARA, AIA, & USDOE. And TODAY a Phius Award!
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Resident Guide: Meeting with Amber

We created a resident guide explaining the 
sustainable features of each unit and met with the 
tenants to go over with them
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Cedar Street Builders
• Zionsville, Indiana
• Owner: Dan Porzel
• Project Coordinator: Anne Rendaci
• https://www.cedarstreetbuilders.com
• Built the first Certified Passive House in 

Indiana

GC: Cedar Street Builders with Students 
We worked with a high-performance builder who 
helped students to understand and apply 
important energy optimization details.

https://www.cedarstreetbuilders.com/
https://www.cedarstreetbuilders.com/
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Performance Specifications

West Unit (Phius) PB East Unit (Code+/ZERH)

EUI (Before PV) 17.94 37.54

EUI (After PV) -13.02 N/A

PV 8.8kW (11,819 kWh/yr) N/A

Airtightness 0.97 ACH50 (0.06 CFM/SF) 1.98 ACH50

Roof R-92 R-92

Slab R-21.6 R-21.6

Walls R-40 R-20

Window U-factor 0.16-0.18 0.27-0.30

Window SHGC 0.24-0.27 0.26

Window Tvis 0.43-0.50 0.49-0.56

Exterior Doors 0.23 0.23

ERV 0.54 w/CFM N/A

Multizone Ducted HP
SEER 17.3
COP Heat 3.10
COP Cooling 4.82

1-ton 1.5-ton
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Component Purpose Issues

eGauge electric energy meter Electric power measurement on 
individual circuits

PV offline (8/8/2024-
11/16/2024)

Current Transformers (CTs) Current signal to eGauge

Hobo MX1101 indoor temp/RH logger Indoor air temperature & RH Offline after 
11/24/2024

Hobo MX1104 analog logger with current 
sensor

East-Code+ unit bath fan 
operation

Hobo 1105 analog logger with current sensor 
and temperature sensor

Supply air temperature and 
blower current at each fan coil

Offline 2/26/25-
4/4/2025

Data Collection July 2024 – June 2025
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Monitor and analyze differences in thermal performance, 
mechanical ventilation, and load characterization

Thermal Performance Mechanical Ventilation Load Characterization

• Characterize system 
operation

• Calculate heating and 
cooling energy use

• Evaluate ability of HVAC to 
meet loads

• Estimate mechanical 
ventilation rates 
(equipment run time and 
flow rates)

• Net utility energy demand
• PV surplus
• Overall and peak energy 

use of HVAC and 
appliances

Slipstream Performance Monitoring
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• Monitoring equipment to see circuit 
level usage (eGauge)

• Indoor temperature/RH loggers at 
thermostats and air vents

• Balometer readings and current 
sensors used for SeeStack modeling 
to estimate mechanical ventilation

Image Credit: Slipstream

Data Collection July 2024 – June 2025



Phius Con 2025 | Milwaukee, WI October 6-7, 2025

East-
Code unit

West-
PH unit

Diff Diff (%)

Heating Load 
(kWh/year) 4,130 3,448 681.7 20%
Cooling Load 
(kWh/year) 446* 1,672 N/A N/A

Thermal Performance

* East-Code unit had limited cooling system usage making it difficult to compare cooling usage with 
the West-PH unit.

• Heating: Average indoor temperature similar 
between units

• Cooling: Lower average indoor temperature in 
West-PH
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Occupant Behavior - Cooling

East-Code+ unit: No 
measurable heat pump power 
usage

West-PB unit: Consistent HP 
cycling
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Occupant Behavior - Heating

East-Code+ unit: Heat pump 
is working harder to provide 
comfortable indoor temps 
likely due to building envelope 
differences between the units 
and less consistent 
thermostat settings

West-Phius PB unit: Stable 
cycling

East-Code+ Unit West-Phius PB Unit
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Resident Reflection: Thermal + Ventilation

Considering comfort and indoor 
environment, how would you rate the 
following?

Survey 1
West Unit-Phius PB

Survey 2
East Unit-ZERH Code+

Overall Temperature Very Satisfied Very Satisfied
First Level Temperature Very Satisfied Very Satisfied
Second Level Temperature Very Satisfied Dissatisfied
Humidity Very Satisfied Satisfied
Air Quality Very Satisfied Very Satisfied
Ventilation Very Satisfied Very Satisfied
Control Window Opening Very Satisfied Very Dissatisfied
Natural Lighting Very Satisfied Neutral
Energy Efficient Features Very Satisfied Very Dissatisfied
Comment Windows don't open enough.

The stone floor is not good for my feet, I
would like carpet under feet and not
stone
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Resident Reflection: Energy Efficiency

Considering energy efficiency, how would 
you rate the following features in your 
home?

Survey 1
West Unit-Phius PB

Survey 2
East Unit-ZERH Code+

Insulation and sheathing Very Satisfied Very Satisfied

Windows Very Satisfied Dissatisfied

Electric Lighting Very Satisfied Very Satisfied

Natural Light and Shading Very Satisfied Very Satisfied

Overall Energy Costs Very Satisfied Very Dissatisfied

Comments Some windows don’t open on days I don’t 
run AC. Very high electric bill  $600
Water bill unaffordable disconnected
$363.94
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PASSIVE DESIGN CONSIDERATIONSReflection: Passive Design Strategies 
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East-Code+ (all units in CFM)

Natural ventilation estimation 9 14 27 14

Weighted mechanical exhaust flow 4 3 4 1

Weighted natural + mechanical 12 16 30 15

Average net added 3 2 3 1

West-PB (all units in CFM) Cooling Fall Transition Heating Spring Transition

Natural ventilation estimation 2 5 10 6

Average ERV exhaust flow 68 66 68 67

Total natural + mechanical 68 66 68 67

Average net added 66 61 58 61

Mechanical Ventilation
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Reflection: Occupant Experience



Phius Con 2025 | Milwaukee, WI October 6-7, 2025

Heat Pump Water Heater

Unoccupied

HPWH primarily using Electric Resistance mode
East-Code+

West-PB
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Reflection: Heat Pump Water Heater
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End-Use East-Code+
(kWh/day)

West-PB
(kWh/day)

Whole Unit

25.93 32.11
HP Heating

11.32 9.45
HP Cooling

1.22 4.58
HPWH 6.41 7.14
Range 1.40 1.14
Dryer 1.86 0.77
ERV 0.00 0.77

Misc 3.75 8.84

Load Characterization
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Resident Reflection: Equipment 

How satisfied are you with 
the following equipment in 
your home?

Survey 1
West Unit-Phius PB

Survey 2
East Unit-ZERH Code+

Heating/cooling system Very Satisfied Very Satisfied

Water Heater Very Satisfied Very Satisfied

Laundry equipment Very Satisfied Very Satisfied

Smoke detectors Very Satisfied Very Satisfied
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PV offline 
(Aug 8 – Nov 15)

PV and Storage Potential

PV offline for a few months, net energy production 
during daylight hours sometimes.
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Reflection: PV Array + Solar Edge

Phius Conference 2023 | Houston, Texas November 8-11, 2023
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Resident Reflection: PV Array + Solar Edge
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EcoFlow Delta Pro 2 
• Portable and expandable 

backup system

• Outlet to plug into 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

• 7.2 kWh capacity total

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

Reflection: PV Array + Battery Backup

Solar Edge Inverter and power 

optimizer



Phius Con 2025 | Milwaukee, WI October 6-7, 2025

Heat Pump Water Heater Operation PV Production

ERV Operation

Value of Monitoring Systems
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Conclusions

• Occupancy impacts energy use and can undermine high performance building.
• Designing something to specs and delivering it doesn't mean it will perform that 

way.
• West-PH unit appears to have a more efficient building envelope based on 

heating season.
• East-Code unit used less overall energy during the monitoring period.
• Monitoring provides valuable insights, more investigation is needed to 

understand why.

Conclusions from Monitoring
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Observations from Survey and Interview
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Observations from Survey and Interview
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