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What Is a High-Performance 
School?

Three characteristics
– Healthy and productive
– Cost effective
– Sustainable
– Holistically designed



Healthy and Productive
High levels of acoustic, 
thermal and visual comfort
Large amounts of natural 
daylight
Superior indoor air quality
Safe and secure 
environment



Cost Effective
Energy analysis tools that optimize energy 
performance
Use life cycle costing
Use a commissioning process to insure first-day 
performance



Sustainable
Energy conservation and renewable energy 
strategies
High-performance mechanical and lighting 
systems
Environmentally responsive site planning
Environmentally preferable materials and 
products
Water-efficient design



Holistically Designed
Optimize the combined impact of all design 
elements
Optimized to achieve long-term value and 
performance
Create an enduring asset to the community
Create an enhanced learning environment



Why is a High-Performance 
School Valuable?

Better student performance
Increased average daily attendance
Increased teacher satisfaction and retention
Reduced operating costs
Reduced liability exposure
Positive influence on the environment
Ability to use the facility as a teaching tool



Better Student Performance

Lighting and indoor air quality play a big role
– California Study: students with the largest amount of 

daylighting progressed 20% faster in Math and 26% faster 
in reading tests

– Studies in Washington, Colorado and North Carolina echo 
these findings



Increased Average Daily 
Attendance

Reduced sources of health problems
– controlling known contaminants
– improved ventilation strategies
– prevention of moisture accumulation

Reduced spread of airborne infections



Increased Teacher Satisfaction 
and Retention

Spatial design: form follows function=ease of use
Visually and thermally comfortable and 
controllable
Improved recruiting and overall satisfaction with 
their positions



Reduced Operating Costs

30%-40% for new schools
20%-30% for renovated schools
Use life cycle cost analysis
Centralized maintenance functions



Reduced Operating Costs



Reduced Operating Costs



Reduced Liability Exposure

Better air quality will reduce the likelihood of 
health-related lawsuits and/or workers 
compensation claims
Advanced space planning will reduce the potential 
for ADA problems



Positive Influence on the 
Environment

Consciously designed to have a positive influence 
on the environment
Energy and water efficient
Durable, non-toxic components that are recyclable
Practice sustainable site design and restorative 
mitigation 
Utilize renewable energy as much as possible
Extended lifetime of the building reduces resource 
utilization



Ability to Use the Facility as 
a Teaching Tool

Develop curriculum site/ 
building as lab
Hands-on demonstration of 
technology and the design 
philosophy
Renewable energy, lighting 
and mechanical systems

Audubon



Improved Performance—Factors 
Affecting Student Performance
The factors responsible for student achievement 
are ecological; they act together as a whole in 
shaping the context within which learning takes 
place. The physical setting—the school building—
is an undeniably integral part of this ecological 
setting for learning (Lackney, 1999).



Improved Performance—
Lighting

Students show less fatigue after a study session 
in natural light than in a traditionally illuminated 
instructional environment (Kleiber, 1973).
Students tested better in classrooms with 85 or 
more footcandles versus same students with less 
than 65 footcandles (Rovner, 1982).



Improved Performance—
Noise

Students exhibited significant increases in blood 
pressure in schools near noisy urban streets 
(Evans, Kliewer, & Martin, 1991).
Blood pressure doesn’t go down over time; i.e. 
children don’t get used to noise (Cohen, Evans, 
Stokols & Krantz, 1986). 
Noise interferes with the teaching/learning process, 
leading to cumulative and progressive learning 
deficits (Crook & Langdon, 1974).



Improved Performance—
Thermal Conditions

Thermal conditions influence task performance, 
attention spans and levels of discomfort. Thermal 
conditions below optimal affect dexterity. 
Conditions above optimal decrease general 
alertness and increase physiological stress 
(McGuffy, 1982).
Reading and mathematical skills are adversely 
affected at temperatures above 74 degrees F 
(Harner, 1974). 



Improved Performance—
Building Condition 1

A 1991 study of Washington, DC schools found that 
building conditions were hampering student 
performance and estimated that improved facilities 
could lead to a 5.5% to 11% improvement on 
standardized tests (Edwards, 1991).
In five Baltimore elementary schools, a simple 
correlation was found between the number of 
environmental concerns expressed by teachers 
and student academic improvement (Lackney, 
1996).



Improved Performance—
Building Condition 2

In rural Virginia high schools, students in high-
quality buildings outscored those in low-quality 
facilities by as much as 5% (Cash, 1993).
11th graders in above-standard school buildings 
in North Dakota outscored students in below-
standard facilities (Earthman, Cash and Van 
Berkum, 1995).
In urban Virginia high schools, students in high-
quality buildings outscored those in low-quality 
facilities by as much as 11% (Hines, 1996).



Improved Performance—
Indoor Air Quality
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Today, new 
challenges
are arising for
schools 
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IAQ for High-Performance Schools

Why is indoor air
important?
90% spent indoors
Indoors is 2-5 times worse
Lung surface area = skin
Lung barrier is thin
Children are more susceptible
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IAQ for High-Performance Schools

How IAQ affects performance
Alertness
Attentiveness
Attendance



Improved Performance 
Daylighting
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Daylighting in Schools
Overview

21,000 students from three districts:
– Orange County, California
– Seattle, Washington

– Fort Collins, Colorado

Elementary (2nd through 5th grades)
– Highly standardized tests
– Extensive data available
– One teacher/one classroom throughout year



Orange County, California 
Schools Results

Daylighting
– The classrooms with the most amount of daylighting are seen to 

be associated with a 20% to 26% faster learning rate, as 
evidenced by increased student test scores over one school year,
compared to classrooms with the least amount of daylighting. 

Window Area
– The classrooms with the most window area are seen to be 

associated with 15% to 23% faster rate of improvement over a 
one year period when compared to classrooms with the least 
amount of windows. 



Skylights
– The classrooms with the Skylight Type A are seen to be associated 

with a 19% to 20% faster improvement when compared to 
classrooms with no skylights. 

– The classrooms with the Skylight Type B are seen to be associated 
with a 21% decrease for reading tests, and no significant results for 
math tests, when compared to classrooms with no skylights.

Operable Windows
– Classrooms with operable windows are seen to be associated with 

7% to 8% faster improvement in three out of four cases, when 
compared to classrooms with fixed windows. 

Orange County, California 
Schools Results



HighHigh--Performance School Performance School 
BuildingsBuildings
Four StrategiesFour Strategies

1.1. Energy StarEnergy Star
2.2. Sustainable Building Industry Council (SBIC) HP SchoolsSustainable Building Industry Council (SBIC) HP Schools
3.3. USGBC LEEDUSGBC LEEDTM TM CertificationCertification
4.4. Kentucky Green & Healthy Schools Program Kentucky Green & Healthy Schools Program 



Energy Star SchoolsEnergy Star Schools
Energy Star is a joint program of Energy Star is a joint program of 
U.S. DOE and U.S. EPA.U.S. DOE and U.S. EPA.

Energy Star is a performance Energy Star is a performance 
standard; to qualify as an Energy standard; to qualify as an Energy 
Star school building, a full year of Star school building, a full year of 
actual energy consumption is used actual energy consumption is used 
to determine if a building performs to determine if a building performs 
in the top 25in the top 25thth percentile of all percentile of all 
school buildings in the ES database school buildings in the ES database 
nationwide.nationwide.



Energy Star SchoolsEnergy Star Schools
TopTop--performing Energy Star performing Energy Star 
schools cost 40 cents per square schools cost 40 cents per square 
foot less to operate than the foot less to operate than the 
average performers.average performers.
Tools to help you determine the Tools to help you determine the 
target energy consumption levels target energy consumption levels 
for ES are on the Web at for ES are on the Web at 
http://www.energystar.govhttp://www.energystar.gov



Sustainable Buildings Industry Sustainable Buildings Industry 
Council (SBIC) Council (SBIC) 

HighHigh--Performance School BuildingsPerformance School Buildings
Resource & Strategy GuideResource & Strategy Guide

Seventeen building blocksSeventeen building blocks



LEED CertificationLEED Certification

Voluntary national standardVoluntary national standard
Recognizes achievementsRecognizes achievements
Promotes integrated, wholePromotes integrated, whole--building practicesbuilding practices
Raises awareness of green building benefitsRaises awareness of green building benefits



Kentucky Green & Healthy Kentucky Green & Healthy 
Schools ProgramSchools Program

Promote and recognize efforts for highPromote and recognize efforts for high--performance performance 
schools in Kentuckyschools in Kentucky
Defines standardsDefines standards
Provides technical assistanceProvides technical assistance
To be introduced in 2006To be introduced in 2006



SBIC HighSBIC High--Performance Schools Performance Schools 
Building BlocksBuilding Blocks

Acoustics
Commissioning
Daylighting
Durability 
Energy analysis tools
Energy efficient building Shell
Environmentally preferable materials and products
Environmentally responsive site planning
High-performance HVAC



High-performance electric lighting and controls
Life cycle cost analysis
Renewable energy
Safety and security
Superior indoor air quality
Thermal comfort
Visual comfort
Water efficiency

SBIC HighSBIC High--Performance School Performance School 
Buildings Building BlocksBuildings Building Blocks



How Each Building Block Is How Each Building Block Is 
OrganizedOrganized

What?
Why?
How?



How Each Building Block Is How Each Building Block Is 
OrganizedOrganized

Impacts on other systems 
and technologies
Resources



Acoustic Comfort

Reduction of sound reverberation time inside the 
classroom
Limiting transmission of noise from outside the 
classroom
Minimizing background noise from the building’s 
systems



How?

Configure classrooms to damp sound 
transmissions
Specify sound absorbing materials
Design interior walls with STC 50-55 in high noise 
areas
Design exterior walls with RC-30-35
See ASHRAE 1999 Applications Handbook
Avoid placing mechanical rooms near classrooms
Utilize proper sound isolation devices



Resources

1999 Applications Handbook (www.ashrae.org)
Acoustical Society of America (http//asa.aip.org)
Classroom Acoustics Coalition (www.nonoise.org)



Commissioning

Document the design intent and operating 
protocols
Verify in-place system performance
Prepare comprehensive operation and 
maintenance manuals 
Ongoing monitoring of system performance



How?

Engage a commissioning agent before the design phase of 
the project
Collect and review all design intent documentation
Make sure that commissioning requirements are included in 
CDs
Develop and utilize a written commissioning plan
Test and verify the installation and functional performance 
of systems
Document the results and produce a final commissioning 
report
Develop a long term monitoring program for periodic 
inspections



Resources

Building Commissioning Association 
(www.bcxa.org)
Building Commissioning Handbook 
(www.appa.org)
The HVAC Commissioning Process 
(www.ashrae.org)



Daylighting

Increase the amount of proper daylighting in the 
classroom
Proper design can reduce lighting costs
Reduction in artificial lighting can reduce cooling 
loads



How?

Use daylighting analysis tools
Use light shelves or similar devices
Avoid direct beam lighting and glare
Consider interior and exterior glare and filter devices
Classroom spatial dynamics should support the daylighting 
design
Provide multiple levels of lighting control to the occupant



Resources

Daylighting in Schools/SkyCalc Software-
http://www.h-m-g.com/
North Carolina: 
http://www.utep.edu/~watto/textonly/daylight.htm
Skylighting Guidelines 
www.energydesignresources.com



Energy Analysis Tools

Evaluate the energy impacts of various designs
Identify contributions of individual strategies
Optimize overall approach
Energy analysis should be carried out at all design 
stages



How?

Architectural design tools
– Energy 10 (www.sbicouncil.org)
– Building Design Advisor (www.gundog.lbl.gov)
– Energy Scheming 

(www.oikos.com/ebs.37.scheming.html)
Load calculation & HVAC sizing
– HAP, Carrier Corp. (www.carrier.com)
– TRACE, Trane Corp. (www.trane.com)
– DOE-2, (gundog.lbl.gov)
– Energy Plus, (gundog.lbl.gov)



Energy Efficient Building Shell

Integrates and 
optimizes
– insulation levels
– glazing and shading 

coefficients
– thermal mass
– moisture control, 

infiltration and vapor 
barriers



How?

Holistic design 
Glazing for specific 
application and climate
Shading to control solar 
gain while encouraging 
natural light
Thermal mass to enhance 
temperature control
Careful design of moisture 
drainage planes and vapor 
barriers



Resources

EPA Energy Star Program 
(www.epa.gov/energystar)
Whole Building Design Guide (www.wbdg.org)
Sustainable Building Technical Manual 
(http://www.usgbc.org/resource/index.htm)
The American Institute of Architects (AIA) 

Environmental Resource Guide (ERG) 



Environmentally Preferable 
Materials

Significant impact on indoor environmental quality
Durable, non-toxic materials
High recycled content and easily recycled
Locally manufactured
Sustainable yield processes



How?

Design the building to facilitate 
recycling
Reduce construction waste
Meet Forest Stewardship 
Guidelines
Use EPA-designated recycled 
content products
Reduce the use of materials 
containing VOC’s



Resources

Sustainable Building Technical Manual 
http://www.usgbc.org/resource/index.htm
Sustainable Building Sourcebook 
www.greenbuilder.com/sourcebook
The Sustainable Design Resource Guide AIA 
http://www.aiacolorado.org/SDRG/home.htm
The American Institute of Architects (AIA) 
Environmental Resource Guide (ERG) 



Environmentally 
Responsive Site Planning

Minimum impact development
Conserve or restore natural areas
Minimize stormwater runoff
Produce greenspace



How?

Reduce development footprint
Use indigenous plants
On-site stormwater infiltration or retention
Building orientation
Shading of heat islands
Careful use of site lighting



Resources

Sustainable Building Sourcebook 
www.greenbuilder.com/sourcebook
The Sustainable Design Resource Guide AIA 
http://www.aiacolorado.org/SDRG/home.htm
Sustainable Site Design, National Park Service 
www.nps.gov



High-Performance HVAC

Use high-efficiency equipment
Be sized correctly for estimated demands
Include controls that boost system performance



How?

Size equipment conjunction with building shell 
analysis
Non-CFC refrigerants
Energy recovery systems 
Consider dehumidification
Consider sequential systems
Integrate all building control systems
Simplify the building operator user interface 
devices



Resources

www.ashrae.org
Sustainable Building Technical Manual 
http://www.usgbc.org/resource/index.htm
Sustainable Building Sourcebook 
www.greenbuilder.com/sourcebook



High-Performance Electric 
Lighting

Major impacts on the cost of operations (30-50%)
Major impacts on student performance
Lowers cooling loads



How?

Individual lighting designs for 
different areas
Integrate direct and indirect, 
natural and artificial
Optimize design in conjunction 
with spatial design
Task and directional lighting
Occupancy sensors
Integrate electric and 
daylighting strategies



Resources

Designlights Consortium (www.designlights.org)
Skylighting Design Guidelines & Software SkyCalc 
(http://www.h-m-g.com)
Advanced Lighting Guidelines (www.newbuildings.org)
Illuminating Engineering Society of NA (www.iesna.org)
The Watt Stopper Best Practice Guide for Lighting 
Controls in Schools (www.wattstopper.com)



Life Cycle Cost Analysis

A way of assessing the total cost of facility
ownership over time. 
Initial costs (design and construction)
Operating costs (energy, water, other utilities, 
personnel)
Maintenance, repair and replacement costs
Optimize interactions over time



How?

A variety of LCC tools are currently available. 
One or a combination should be used to assess 
design alternatives at least once during:
– Programming
– Schematic design
– Design development
– Construction documents
– Bidding and negotiation 
– Carrier Corporation (www.carrier.com)



Resources

U.S. Dept. of Energy 
(www.eren.gov/buildings/tools_directory)

Energy 10 (www.sbicouncil.org)
Whole Building Design Guide (www.wbdg.org)



Superior Indoor Air Quality

A critical issues in schools today
Vulnerable population
Designing in superior air quality to avoid the 
negatives



How?
Use high-quality, commercial-grade, built-up 
mechanical systems
Use energy recovery systems
Walk-off mats and flooring choices
Moisture management
100% outside air systems
Maintenance contracts
Thorough, ongoing training for all maintenance 
personnel



Resources
Sustainable Building Technical Manual 
(http://www.usgbc.org/resource/index.htm)
Carpet and Rug Institute (www.carpet-rug.com)
US EP: (www.epa.gov/iaq)
ASHRAE Standard 62-1989 (www.ashrae.org)



Thermal Comfort

Impacts student and teacher performance
Major issue in most schools
Detrimental to operating costs



How?

Provide final range of control at the room
Holistic design of all building systems
Reduce drafts & noise
Multi-zone systems



Water Efficiency

Becoming a scarce resource
HP school should reduce usage and runoff
Consider greywater re-use



How?

Specify native vegetation
Minimize and use advanced irrigation
Specify water conserving plumbing fixtures
Specify automatic shut-off controls



Resources

EPA office of Water (www.epa.gov/OW)
WaterWiser: The Water Efficiency Clearing House 
(www.waterwise.org)
Sustainable Building Technical Manual 
(http://www.usgbc.org/resource/index.htm)



Goal of a High-Performance 
School

Use resources wisely to improve:
– Energy efficiency
– Student achievement
– Operating costs
– Environmental impact
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