
ACHIEVING NET ZERO:
Combining Integrated Design, Energy Modeling, and 
Post Occupancy Monitoring for a Successful Project
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Integrated Design
•About our Net Zero Case Study: 

District 26

•Owner Operation / Scheduling

•Architectural Impacts

•VRF System and Why

Energy Modeling
• Initial Modeling

• Modeling for Net Zero

Post Occupancy Monitoring
• Implementation

• Resolve Issues

• Net Zero Tracking

Agenda



ABOUT DISTRICT 26 PRAIRIE 
TRAILS SCHOOL



Intro to project
• Elementary School & District Offices 

Building

• Building Area – Approximately 
29,000sf

About District 26



Baseline ASHRAE 90.1 EUI 75 kbtu/yr./sf

Proposed EUI 24-29 kbtu/yr./sf

Baseline carbon footprint/year: 174 metric tons

Proposed carbon footprint/year: -24 metric tons

Carbon footprint reduction 100+%

Estimated annual energy savings
to District 26: +/- $30,000 /100%

cost savings

Project Goal



About District 26



INTEGRATED DESIGN



Owner Coordination
• Building Use

• Yearly Schedule

• Staff Hours

• Administration Hours

• Teachers

• Students

• Entrances and Exits to the Building

• Flow of Students

• Room Temperature Setpoints

• Room Temperature Control Deadband

Owner & Architectural



Owner Driven Controls Input



Building Envelope

• Roof insulation performance value from R-13.2 
(existing) to R-65 (average)

• Wall construction insulation performance value from 
R-6.0 to R-24.

• Window construction U-factor from 0.15 and SHGC of 
0.41 to U-factor of 0.35.

• Building Air Tightness from 1.07 to 0.6 CFM/ft2

Owner & Architectural



Early Modeling Options – Mechanical Systems

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%



DOAS Coupled with VRF System



Mechanical system
• The existing hot water boiler system coupled with unit ventilators 

was replaced with a new electric variable refrigerant flow (VRF) 
system with heat recovery. The VRF system is coupled with 
dedicated outside air units with energy recovery wheels for fresh 
air delivery. New temperature controls

• Building Automation System load-specific electrical monitoring, 
including plug loads, lighting loads, HVAC loads, and energy 
generation from the PV panels. 

New rooftop photovoltaic system to generate on-
site renewable energy.

The annual production target is currently 239.5 
MWh, which includes a 22.7% buffer

Mechanical & Building Systems



DOAS Coupled with VRF System



DOAS Components:
ECM Motor Fan
• Electronically Commutated 

Motor

Energy Recovery 
Wheel
• All building exhaust is 

recovered

Digital Scroll 
Compressors
Heat Pump Heating
• Coefficient of Performance 

of 2.3
• Operates in heating down 

to 0°F

Dedicated Outside Air System (DOAS)



Ventilation w/ Heat/Energy Recovery



All LED Lighting
All lighting on vacancy 
sensor or occupancy 
sensor where possible
DHW loop on 
thermostat-controlled 
“on demand” system
Measurement and 
verification electrical 
panels for energy 
monitoring

Energy Efficient Lighting and DHW



Energy Efficient Controls Sequence





ENERGY MODELING



Energy modeling started in 
concept/schematic phase

Choices:
• Geothermal (hybrid and 100%)

• Geothermal with Water Cooled VRF 
(hybrid and 100%)

• Air Cooled VRF

Compared systems against 
ASHRAE 90.1-2013

Early Energy 
Modeling



DD Modeling/PV Sizing



Collaborative Modeling



Net Zero Targets:
• Total Energy Usage of 25 EUI

• Solar Generated of 29 EUI

Model Results



POST OCCUPANCY 
MONITORING



Monthly bills don’t tell the whole 
story

Comparing Modeled 
and Actual Data



Energy model provides modeled data

BAS provides actual values

Comparing Modeled and Actual Data



End Use Comparison



Total Usage and Solar Production



Month-to-Month Comparison



Receptacles



Lighting



HVAC



January Through March



March to April



March Controls Reprogramming



March to April



Trending better after issues were 
addressed...

…But process to get actual data 
was still manual

Next Steps



Automated Process



Low Solar



Net Zero Month



Before Issues Fixed



After Issues Fixed



Month by Month Data



Total Usage/Generation to Date



Year Highlights

Summer

Back to School



Integrated Design
• Occupancy discussion

• Keep Challenging the Owner to maintain their intended scheduling and 
occupancy practices.

• Mechanical Systems
• Keep commissioning your system and modifying controls sequences on a regular 

basis

Energy Modeling
• Energy Modeling for System Selection

• Collaboration with Client

Post Occupancy
• Be patient if you start in winter

• Energy Usage can help find issues

• Energy modeling can be a tool to predict Net Zero

• Importance of sub-metering individual loads and hourly trending data

What did we learn



QUESTIONS


