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• BELS™:
Benchmarking & Evaluation of LEED™ Schools

• GCT™:
Green Classroom Toolbox™

• PROBPE™: 
Post-Relocation and Occupancy Building 
Performance Evaluation

• SPEQ™: 
Space Performance Evaluation Questionnaire
Adopted for LEED v.4.1 and WELL v.2.0

Building Performance Data Base
> 150 buildings >100K responses



We are driven by green schools research, design, and delivery
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Net-Zero Schools Definition

Process 
(P)

Technology
(T)

Behavior
(B)

Integrated Design
Stakeholder Engagement

Incentives
Cultural Buy-in

Building as a Teacher

Sustainable Site
Building Performance
Envelope Design & Details
Indoor Environmental Quality
Occupant’s Well-being

NZS

Energy Behavior
Occupant’s Comfort
Spatial Flexibility
Community Building

In a Typical Metrological Year:
Energy Used = Energy Produced



How Are Net-Zero Schools Performing?



QUESTIONS
1. What are NZS impacts on building 

performance and the environment?
2. What are NZS impacts on occupants and 

buildings operations?
3. What are successful strategies and design 

processes for NZS?



Methods & Research Workflow

Comparative Case Study / Survey Design
Data Mining + Interviews + Simulations + Analysis 
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Project Data



Comparatives



Net-Zero Schools Impacts



Case Studies



NZS – Meet Energy Predictions



NZS – Impact Neighborhoods Property Values

∆ PPV = Difference in property value increase over comparatives  



NZS – Increase Neighborhood Walkability



NZS – Better Classroom Acoustics



Intolerable Glare

Intolerable Glare

NZS – Daylight Glare Probability



NZS – Classroom Daylighting Performance



Allowable

NZS – Annual Solar Exposure



NZS – Percent of Time in Indoor Comfort Zone



Net-Zero Schools Design Guidelines



NZS – School Siting & Massing 

15% 14% 14%         12%       9% 2%

11%



NZS – South Facing Classrooms Optimization



NZS – PV Roof Areas



NZS – Classroom Window-To-Wall Ratio



NZS – Classroom Toplight-Floor-Ratio



NZS – Envelope Insulation Values



NZS – Patterns of Success

Design 
Process

Building 
Performance

Indoor
Comfort

Design
Strategies

Envelope 
Performance

Site
Performance



NZS – Patterns: Design Process



NZS – Patterns: Design Strategies

Visible SystemsResource Management

Truth Windows + Interpretive Signage



NZS – Patterns: Site Performance

Outdoor 
Learning

Integrating Landscape



NZS – Patterns: Building Performance

Daylighting ControlsSolar beyond PVs



NZS – Envelope Performance



NZS – Patterns: Indoor Comfort



NZS – Patterns: Daylight Management



• Integrated participatory design
• Engaging stake holders
• Embracing passive systems
• Setting-up proper metrics
• Shoe-box performance simulations
• Feed-back loops – Iterative design

NZS – Design Approach



• Early feasibility studies
• Proper benchmarks, such as net zero tool
• Early design decisions resources
• Design guides, such as HiPE lab: Net-Zero Schools 

from Process to impacts,  ASHRAE, Energy Trust, 
etc.

NZS – Design Resources



Lessons Learned
1. The current status of net-zero energy schools across 

North America is promising. It is feasible to deliver 
NZS that are comfortable, cost effective, and have 
positive impacts on children and their communities. 

2. The process of designing, constructing, and 
operating a school to net-zero energy is integrated 
and require early planning, coordination, and 
education of partners.

3. Resources and research findings are available and 
provide best design strategies and metrics to set as 
design targets on six major categories: Design 
Process, Design Strategies, Site Performance, 
Building Performance, Envelope Performance, and 
Indoor Environmental Quality/Occupant Comfort.



ihab@uoregon.edu
hipe.uoregon.edu
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