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Enhancing learning conditions while keeping budgets in check

Delivering High-performance
Classrooms

All photos courtesy of: Trane/Getty Images

pproximately 55 million American students are at risk to be affected by 
environmental factors in the classroom. These factors include noise, glare,
mildew, lack of fresh air, and temperatures that are either too hot or too cold. 

An October 2006 study, “Greening America’s Schools,” evaluated 30 environmentally
responsible schools in 10 states from 2001-2006. The evaluation included actual building
performance data, architectural modeling, engineering estimates, and existing research.
Co-sponsors of the study included the American Federation of Teachers, the American
Institute of Architects, the American Lung Association, the Federation of American
Scientists, and the U.S. Green Building Council. 

The report recommends alleviating environmental problems that hinder learning

by creating “green” schools, i.e., buildings designed to be healthy, energy efficient,
and sustainable. 

However, building environmentally sound schools must be cost effective for
school districts. Fortunately, it can be. Green building strategies, such as 
incorporating a well-designed heating, ventilation and air-conditioning (HVAC) 
system, tightly integrated with controls and other building systems that are designed
to provide a high-performance environment, can help meet schools’ cost, 
performance and classroom environment goals.

For example, in addition to correcting indoor environmental concerns that may be
affecting student performance, well-designed and integrated HVAC systems can help
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schools recoup or partially offset green building costs by creating savings elsewhere,
such as in reduced energy costs or the lower price of code compliance. 

In fact, over the building’s life cycle, the financial benefits of green building can be as
much as 20 times greater than the initial cost premium.  The report estimates that 
within 10 years, over $20 billion can be saved in energy costs alone.  This can be done
by greening the nation’s schools, with the average school realizing a 33 percent annual
reduction in energy bills, all while increasing student performance.
Creating a High-performance Classroom

Designers and builders have the opportunity to impact an entire school’s 
effectiveness by creating a classroom environment built for success. 

Well-designed HVAC systems that are tightly integrated with other systems in the
building are key components of green school buildings. High-performance HVAC 
systems allow teachers and students to perform better in the classroom by creating a
healthier and more comfortable learning environment.

This is evidenced by higher test scores, according to the “Greening of America’s

Schools” report. Although limited funds sometimes relegate basic systems like 
ventilation to the bottom of schools’ budget priorities, properly functioning, effective
HVAC systems are actually a front line defense against a host of indoor environmental
woes, such as poor Indoor Air Quality (IAQ) and acoustics that actually hinder the 
learning process. 

Indoor Air Quality is measure of the health and comfort of the air inside 
buildings. Proper IAQ, which includes a room’s temperature, humidity, air purity, and 
carbon dioxide levels, leads to healthier students and teachers, better learning 
conditions, and a longer building life.  However, the IAQ in many schools is far from high-
quality. In a recent Trane survey of 180 teachers and administrators, 20 percent of the
respondents said poor IAQ is a serious problem in their classrooms. 

Schools have four times as many occupants per square foot as offices, and they 
contain a host of pollution sources, including lab chemicals, cleaning supplies, chalk
dust, and molds.  Inadequate ventilation results in the build-up of contaminants, 
including CO2, which can cause drowsiness and reduce a child’s ability to concentrate. 

In addition, the U.S. Environmental Protection Agency (EPA) states that asthma is the
leading chronic illness causing school absenteeism, accounting for more than 10 million
missed school days per year in the United States. 

Acoustics and general noise levels also play a vital role in K-12 education. Experts
assert that as many as one-third of students miss up to 33 percent of the classroom
content, according to a 2002 article by “School Construction News Online.” This is
because children, as inexperienced listeners, require a higher level of acoustic quality
than adults. 

Speaker-to-listener distance also plays a role in whether a person hears a speaker
with ease. As the distance between speaker and listener increases, the loudness of
the signal, and therefore the signal-to-noise ratio, decreases. When audibility of
words is reduced by 50 percent, it is generally discernible to adults, but mostly
unclear to children. 

High-performance HVAC systems allow teachers
and students to perform better in the classroom
by creating a healthier and more comfortable
learning environment.
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“In conditions where adults can just barely understand most of the words spoken
… children 5 to 7 years of age can understand almost nothing, even when words are
familiar,” according to a 2003 article on Sound in the Classroom, “Why Children Need
Quiet,” published in the American Society of Heating, Refrigeration, and Air
Conditioning Engineers’ magazine.

Acoustics have proven to be such a crucial factor in a successful education, the
American National Standards Institute (ANSI) and the Acoustical Society of America
recently partnered to develop a standard for classroom acoustical design. Free copies
of the new ANSI Acoustical Performance Criteria, Design Requirements and Guidelines
for Schools are available at http://asastore.aip.org/ through a  sponsorship
with Trane and others. 
HHVVAACC SSyysstteemmss ffoorr  SSuucccceessssffuull  SScchhoooollss

High-performance HVAC systems can significantly improve factors such as IAQ and
acoustics, but in order to design an HVAC system for the best possible classroom 
environment, designers must first understand each school’s unique needs: Will this
school have sound sensitive areas? What acoustic issues need to be overcome in the
classrooms? Are wall penetrations a serious maintenance concern in this climate? (Is
the area prone to hurricanes or blizzards?) Will you use water-cooled or air-cooled
chillers? (Air-cooled chillers result in lower maintenance costs and are prepackaged for
easier design and installation. Water-cooled chillers are more energy efficient and
equipment life is longer.)  Do utility rates for this district provide incentive cooling during
off-peak hours? Is thermal ice storage a consideration? Are there utility incentives for
equipment efficiency? How will you integrate the HVAC system into the building’s 
overall systems for the highest-possible performance?

A number of HVAC system options exist, allowing designers latitude in creating the

ideal system for each school’s needs. For example, some HVAC systems commonly

utilized in schools include wall units, packaged rooftop units, classroom air conditions,

central air, and water source heat pumps. 

Wall units contain everything needed to cool, heat, filter and move air contained

in a single package, and they are less expensive to purchase and install. However,

self-contained packaged units may offer limited humidity control in humid or semi-

humid climates.

Rooftop units offer another self-contained option. The HVAC industry is constantly

working to offer designers and school administrators better options for creating

healthy, productive classroom environments. Trane, for example, recently introduced

the 15 SEER high-efficiency PrecedentTM, a rooftop unit that can help effectively control

humidity while lowering in-room noise levels. In addition, the 15 SEER Precedent is 15

percent more efficient than typical classroom packaged systems–offering schools an

energy efficient HVAC solution. 

Another option is central air conditioning, which can create an exceptional indoor

environment, given the right location and controls. Central air does, however, require

a higher capital cost and significant architectural consideration to ensure the system’s

proper fit in the building.

Trane is a leader in the construction community, providing
HVAC equipment, installation and maintenance services in 
markets throughout the United States for over 75 years. Through
our company’s leadership in industry associations, our 
institutional knowledge buttressed by a strong team of 
professionals, and our knowledge of issues affecting the 
industry, Trane has identified the following key issues that will
impact the design and construction of educational facilities in
the United States in the twenty-first century:
Leadership in Energy and Environmental Design (LEED)

The Leadership in Energy and Environmental Design
(LEED) initiative of the Washington, D.C.-based U.S. Green
Buildings Council provides standards for developing 
sustainable, environmentally sound building projects and a
nationally accepted system for rating the design, 
construction, and operation of high-performance “green”
buildings. LEED promotes a whole-building approach to
sustainability and evaluates building projects in five key
areas: sustainable site development, water savings, energy
efficiency, materials selection, and indoor environmental
quality. To gain certification, a project must first be 
registered with the U.S. Green Buildings Council.  Projects
then are awarded certification based on the number of 
credits accumulated - Certified (26-32), Silver (33-38), Gold
(39-51), or Platinum (52-69). Trane’s classroom comfort
products generate a minimum of 27 points. Standards have
been adopted for numerous project types. The Council is
currently developing LEED standards specifically for
schools to service the pre-K-12 and secondary education
market. Trane is a national sponsor of the USGBC’s LEED for
Schools workshops and information sessions. 
U.S. Environmental Protection Agency Energy Star 

The United States Environmental Protection Agency offers
the Energy Star Award to the top 25% of the nation’s schools
for excellence in energy efficiency and conservation. Benefits
of participating in the program include: incentives for energy
efficiency and conservation, assistance to the architect and
the school in data collection and evaluation, sharing of 
energy efficient design practices, access to funding sources,
and life cycle cost analysis. 
ASHRAE Standard 90.1-2004 and ASHRAE Standard
62.1-2004

The ASHRAE Standard 90.1-2004 code that details energy
efficiency standards for HVAC systems is the document on
which the LEED criteria is based. Consequently, these 
criteria are being incorporated into the building codes of
many states throughout the country. Trane is intimately
familiar with the code requirements. 

The ASHRAE Standard 62.1-2004 regulation outlines
acceptable indoor air quality standards, and provides 
guidance for contaminant source control, adequate 
ventilation, proper construction and start up, and operation
and maintenance of high performing heating, ventilation,
and air-conditioning systems appropriate for green 
architecture. Trane has a thorough knowledge of these
preferred standards, and understands the goals of the
design recommendations. 

A number of HVAC system options exist, 
allowing designers latitude in creating the ideal
system for each school’s needs. 
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In addition to equipment, designers must also consider controls. The best

equipment available will only operate as well as the control systems tell it to. As the

“brains” of the mechanical system, controls coordinate how all the different pieces

interact with each other and with the building’s occupants. 

Today’s building automation systems (BAS) have “intelligent” calendars that can

handle recurring events, holidays, special events, etc. In addition, BAS can calculate

when the system needs to start, based on actual indoor and outdoor conditions, as

well as maintain proper pressure, temperature and humidity inside a building.

Underlying all of these considerations should be an understanding of goals for the

building’s capital costs, life cycle, energy efficiency and costs, and equipment

maintenance budgets. More than $268 billion is needed for construction and repairs of

existing K-12 schools, according to the National Education Association (part of total

estimated nationwide cost of repairing, renovating, or building school facilities, and

installing modern educational technology: $322 billion).

As a result, it is critical for school officials to preserve their assets whether with new

construction, an addition or renovation. By designing high-performance HVAC systems

with integrated controls, designers can offer schools better systems that are more easily

and cost-effectively maintained, leading not only to improved IAQ and acoustics, but also

to increased property longevity and energy efficiency.

Energy costs are a major factor in many school budgets. In most school districts,

utilities are the second largest expense after salaries, according to Energy Smart

Schools, part of the U.S. Department of Energy’s “Rebuild America” campaign.

However, the same study cites that schools can achieve up to 25 percent savings

through energy improvements.
Several design strategies can be used to conserve or lower energy use. For example,

properly incorporating daylighting into a building will not only cut on electric lighting use,

it also lowers the heat produced in those rooms, thus lowering the cooling requirements.
Using a building-wide controls strategy, it is possible to monitor room occupancy, and
provide only the necessary lighting and room conditioning.

In addition, school designers can make use of design and modeling tools such as
TRACE™700 which can model various building alternatives to optimize comfort and
energy efficiency–customized for a given climate. The Trane Acoustics Program (TAP)
can be used to analyze various sound paths allowing the designer to choose specific
equipment and building components that meet the school’s acoustical goals.

The considerations for designing the best possible learning environment are
many, and extremely complex, but the options available within the industry give
designers the opportunity to make often simple alterations that can greatly improve
a school’s success. Consult an HVAC design expert in the early stages of
development for assistance in creating the best possible design. And above all, keep
in mind the ultimate goal: creating an HVAC system and school building that can
make all the difference in a student’s education and life. 

Trane, the air conditioning systems and services business of American Standard Companies, is a

leading global provider of indoor comfort systems and comprehensive facility solutions. Its

offerings include energy-efficient heating, ventilating and air conditioning systems, service and

parts support, advanced building controls and financing solutions. Each Trane system is designed

to meet the specific needs of customers who want heating, cooling, dehumidifying and air

cleaning systems for residential, commercial, institutional and industrial applications.

Trane
One Centennial Ave. 
PO Box 6820,  
Piscataway, NJ 08855-6820
www.Trane.com
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