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What’s Interesting about this Project

• It’s a Retrofit

• It’s Net Zero

• It’s an Educational Building

• Its performance is being Monitored as a condition of Grant Funding.

• My First CPHC Project.



• First Remodeling of 1960s Modern 27,930 SF single story masonry 
Elementary School.
• Building includes School Offices, Classrooms, District Offices and 

Multipurpose room.
• Pursuing Net Zero Building Grant through the Illinois Clean Energy 

Community Foundation (ICECF)
• New Exterior Envelope including Walls, Roof, Doors and Windows.
• New HVAC System.
• New Interior and Exterior lighting systems.
• New roof-mounted PV array to offset source energy.

Project Scope



ICECF Net Zero Building Grant

Grant requires dramatic reductions in 
energy consumption prior to offsetting with 
renewables.  Reductions substantiated by:
PHIUS + 2018 or Petal (Energy) Living 
Building Certification 

Grant requires all Renewable Energy to be 
generated on site. 

Grant requires Monitoring of energy use and 
renewable production for 12 consecutive 
months to verify modeling 

ICECF expects an EUI in the “high teens” to 
“low twenties”
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Physical Opportunities

• All new exterior envelope including wall 
finishes, glazing system and roofing.

• All new mechanical systems.

• All new Lighting Systems

• No Historic features or finishes were being 
preserved.



Physical Challenges

• “Pancake” building with relatively high surface area to iCFA. Less 
than optimal form.

• No opportunities to adjust window orientation or massing.

• Existing un-insulated slab on grade.



Process Opportunities

• The Owner had a strong commitment to achieving Net Zero

• The Architect, FGM, had a strong technical grasp of the issues. 
Adopted a straightforward “Textbook” approach

• The MEP Engineer, IMEG,  had Net Zero building Experience

• The Builder Nicolas and Associates had 2 team members take the 
PHIUS Builder training in preparation for the project.



Process Challenges

• The CPHC was brought in at 100% Design Development

• The building was already designed as “Net Zero”….

….. But with IECC levels of insulation 



PHIUS + Criteria Calculator: Inputs

Inputs
Local Climate Data Chicago Illinois
• Envelope to floor area: 2.58 
• iCFA 27,930 Sf
• Max Occupancy 297 

(used for peak load)
• Average Occupancy 53 

(used for annual demand)



Targets:
Project Specific Targets for:
• Annual Heating Demand: 8.3 kBTU/ft²yr 
• Annual Cooling Demand: 7.8 kBTU/ft²yr 
• Peak Heating Load: 6.3 BTU/ft²hr 
• Peak Cooling Load: 4.0 BTU/ft²hr 

Universal Targets for:
• Source Energy: 34.8 kBTU/ ft2 yr (110 kWh/ m2 yr)
• Air Tightness: q50 <= 0.060 CFM50/ft2 (Envelope)

PHIUS + Criteria Calculator: Targets



R-80 Roof (Effective)
Tapered” Polyisocyanurate (10” Min – 20” 
Max)

R-24 Walls (Total R-27)
4”Polyisocyanurate
(Maximum accepted by Cladding 
Manufacturer)

R-30 Slab Edge/Foundation Wall
6”Polyisocyanurate
2’-0” deep

Thermal Envelope - Wall Section



Thermal Envelope – Wall Detail

EXTERIOR

INTERIOR

KNIGHT CI RAIN SCREEN SYSTEM



Thermal Envelope - Windows

Typical Classroom Glazing

Glass:
Ucog 0.111
Triple Glazed Double Coated

Frame:
Uframe ~0.88 

Eliminate Spandrel Glass 
above Ceiling

Reduce to One Operable 
Window



Thermal Envelope - Windows

PHIUS Verified Window Data.

Kawneer 1600UT
Triple glazed and Fiberglass 

Pressure Plates



Continuous Air Barrier
Air Barrier Components:

Roof Membrane

Fluid Applied Air Barrier 
Wall Sheathing and Foundation 
Face Below.

Stainless Steel Transition 
Flashing.
Between Fluid Applied Air Barrier 
and Roof Membrane.

Silicone Window Flashing 
Clamped into Glazing Channel



TYPICAL PARAPET

Continuous Air Barrier



TYPICAL WINDOW JAMB TYPICAL WINDOW SILL

Continuous Air Barrier



DOAS COUPLED WITH VRF SYSTEM



DEDICATED OUTSIDE AIR SYSTEM (DOAS)
DOAS Components:

ECM Motor Fan
Electronically Commutated Motor

Energy Recovery Wheel
All building exhaust is recovered

Digital Scroll Compressors
Match Compressor output to load

Heat Pump Heating
Coefficient of Performance of 2.3
Operates in heating down to 0°F



DEDICATED OUTSIDE AIR SYSTEM (DOAS)
DOAS Operating Modes:

Economizer Mode
Manages Moisture content of air 
Optimizes Dew point of outside air 
for Supply air

Free Cooling Mode
Provides additional cooling through 
ventilation when Outside air 
conditions are cooler than inside.

Dehumidification



DEDICATED OUTSIDE AIR SYSTEM (DOAS)



DEDICATED OUTSIDE AIR SYSTEM (DOAS)

(9) ROOFTOP
DOAS UNITS
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DEDICATED OUTSIDE AIR SYSTEM (DOAS)



Ventilation Air Distribution:

Ducted Supply to Classrooms, 
Corridors and other occupied 
spaces.

Plenum Return from Occupied 
Spaces

Ducted Return from Restrooms

DEDICATED OUTSIDE AIR SYSTEM (DOAS)
TERMINAL UNITS

DUCTED 
SUPPLY AIR

ROOFTOP
DOAS UNIT



Variable Refrigerant Flow System (VRF)

Air Source 
Condensing Unit

Branch Controller

Terminal Unit - Cassette

VRF System Components:

Air Source Heat Pump
High Efficiency COP: 3.66

Branch Controllers
Energy Recovery allows different 
rooms on the same branch 
controller to be simultaneously 
heating and cooling.

Terminal Units
Located in each conditioned space.



Variable Refrigerant Flow System (VRF)

(3) AIR SOURCE
HEATPUMPS



Variable Refrigerant Flow System (VRF)
TERMINAL UNITS AIR SOURCED HEAT

PUMP (ON ROOF)
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REFRIGERANT 
LINES



Typical Classroom

Variable Refrigerant Flow System (VRF)



Make sure you know what 
things look like. Team was 
surprised by the shrouds 
over the VRF Units. 

Variable Refrigerant Flow System (VRF)



Energy Efficient Lighting and DHW Systems

• All LED Lighting
• All lighting on “Vacancy” Sensors or 

“Occupancy” Sensor where 
possible. 
• DHW loop on thermostat controlled 

“On Demand” System.
• Measurement and Verification 

Electrical Panels for energy 
monitoring



Energy Monitoring



For a Monitored Project to be 
successful. Not only does the 
modeling and execution have to be 
done right… The Occupants have to 
behave as expected.

Outreach and Education are Critical

Energy Monitoring



Operational Considerations - Scheduling
Operating schedule impacts occupant Load, lighting load, and ventilation rates



Operational Considerations - Scheduling

Tighten the Schedule and Make 
sure the owner and operating 
engineer are on board with the 
ventilation strategy.



Offset Site Energy with Renewables. 

• ICECF Grant required all Renewable production to be “On Site”
• 166.4 KW Roof top Photovoltaic Array.



Model Results



Model Results



Field Verification



Field Verification



Field Verification

Loose joint between 
DOAS main enclosure 
and ERV module



Field Verification

DOAS Units include a large 
volume of air outside the 
building envelope. And they can 
leak. Provide Dampers on the 
interior duct connections to the 
units.



Field Verification



Field Verification



The Final Product



The Final Product



The Final Product



The Final Product



The Final Product



The Final Product

Photo by Trane Technologies



Education and Outreach



Education and Outreach



Monitoring (Issues)

• The team noticed several of the DOAS units were using the electric 
resistance backup heating element in lieu of the more efficient Heat 
Pump in the unit.
• Set Points are important. Cabinet Unit heaters near doors and in 

utility rooms were set initially to 68deg. In the winter, they ran 
continuously, meeting the heating demand with less efficient 
resistance heaters rather than the more efficient VRF heat pump. 



Monitoring



Thank You!
Hope to see you on Saturday



Variable Refrigerant Flow System (VRF)

Zone VRF Branch controllers to take advantage of 
simultaneous heating and cooling efficiencies. 
Consider what scenarios might require 
simultaneous heating and cooling and Zone 
Accordingly.

Consider implications of running refrigerant lines 
throughout the interior space.



Make sure there is no direct exhaust ventilation. 
Except as required for kitchens or combustion 
appliances.

Align Ventilation Zones with Operational Zones as 
much as possible

Use Heat pump for DOAS Ventilation air 
Conditioning

DEDICATED OUTSIDE AIR SYSTEM (DOAS)



Thermal Envelope - Wall Section: 100% DD

R-30 Roof
Tapered Polyisocyanurate

R-15 Walls (Total R-18)
2 ½” Polyisocyanurate

R-15 Slab Edge
2 ½” Polyisocyanurate
2’-0” Deep



Mechanical System Selection

Energy 
Source Utility Costs

Electric $0.086 per kWh $0.025 per kBtu

Natural 
Gas $0.386 per therm $0.004 per kBtu

Envelope Assumptions

Exterior Wall: R-18 (U-0.055)

Roof: U-0.032

Windows: U-0.42 and SHGC: 0.40

Window to Wall 
Ratio: 35%

(kBtu/sqft/yr) % Savings ($/yr) % Savings
Baseline: 90.1-2013 75 - 30,128$         -
Single Pipe Hybrid Geothermal 20 74% 21,854$         27%
Single Pipe 100% Geothermal 20 74% 21,682$         28%
VRF Hybrid Geothermal 17 78% 18,264$         39%
VRF 100% Geothermal 16 78% 18,026$         40%
VRF Air Cooled 23 69% 25,327$         16%

Energy CostEUISystem/Plant



Thermal Envelope - Windows: 100% DD

Typical Classroom Glazing Final Scheme

Glass:
Ucog 0.20
Double Glazed

Frame:
Uframe ~0.88 

Spandrel Glass Above 
Ceiling

Two Operable Windows



PHIUS+ Certification & ICECF Grant Process

Pre - Certification Final - Certification

Design Construction Post Construction

PHIUS Requirements

On-Site QA/QC 
Testing/Inspection

Pre Proposal

Energy Model and 
Documentation

First Grant Payout (30%) Second Grant Payout (30%)

Full Proposal Monitoring

12 Consecutive Months 
Monitoring

Final Grant Payout (40%)

ICECF Requirements


