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Abbreviations and Acronyms

A = area, ft2

ACCA = Air Conditioning Contractors of America

AEDG-SR = Advanced Energy Design Guide for Small Retail Buildings

AFUE = annual fuel utilization efficiency, dimensionless

AHU = air-handling unit

AIA = American Institute of Architects

ANSI = American National Standards Institute

ASHRAE = American Society of Heating, Refrigerating and Air-Conditioning Engineers

ASTM = American Society for Testing and Materials

AV = audiovisual 

BAS = building automation system

BF = ballast factor

BPA = Bonneville Power Administration

Btu = British thermal unit

C-Factor = thermal conductance, Btu/(h∙ft2∙°F)

CA = census area

CD = construction documents

CFL = compact fluorescent lamp

cfm = cubic feet per minute

CHPS = Collaborative for High Performance Schools

CHW = chilled water

c.i. = continuous insulation

CM = construction manager

CMH = ceramic metal halide

CMU = concrete masonry unit

CO
2
 = carbon dioxide

COP = coefficient of performance, dimensionless

CPE = chlorinated polyethylene

CPSE = chlorosulfonated polyethylene

CRI = color-rendering index

CRRC = Cool Roof Rating Council

Cx = commissioning
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CxA = commissioning authority

CU = coefficient of utilization, dimensionless

D = diameter, ft

DCV = demand-controlled ventilation

DL = Advanced Energy Design Guide code for “daylighting”

DOAS = dedicated outdoor air system

DOE = U.S. Department of Energy

DSP = daylighting saturation percent

DX = direct expansion

E
c
 = efficiency (combustion), dimensionless

E
t
 = efficiency (thermal), dimensionless

E = emittance

EER = energy efficiency ratio, Btu/W∙h

E = efficiency

EF = energy factor

EIA = Energy Information Agency

EL = Advanced Energy Design Guide code for “electric lighting”

EMCS = energy management control systems

EN = Advanced Energy Design Guide code for “envelope”

EPA = U.S. Environmental Protection Agency

EPDM = ethylene propylene diene monomer

EPRI = Electric Power Research Institute

ERV = energy recovery ventilator

ESP = external static pressure, dimensionless

EX = Advanced Energy Design Guide code for “exterior lighting”

F-Factor = slab-edge heat loss coefficient per foot of perimeter, Btu/(h∙ft∙°F)

FFR = daylighting fenestration to floor area ratio, dimensionless

ft = feet

FWR = vertical fenestration to gross exterior wall area ratio, dimensionless

GC = general contractor

GSHP = ground-source heat pump

Guide = Advanced Energy Design Guide for K-12 School Buildings

HC = heat capacity, Btu/(ft2∙°F)

HID = high-intensity discharge

HO = high-output lighting

H
2
O = water

HP = high performance

hp = horsepower

HSPF = heating season performance factor, Btu/Wh

HV = Advanced Energy Design Guide code for “HVAC systems and equipment”

HVAC = heating, ventilating, and air-conditioning

HW = hot water

IAQ = indoor air quality

IEEE = Institute of Electrical and Electronics Engineers

IESNA = Illuminating Engineering Society of North America

in. = inches

IPLV = integrated part-load value

IR = infrared

ISO = International Standards Organization

K = kindergarten

kBtuh = thousands of British thermal units per hour

kW = kilowatt



LBNL = Lawrence Berkeley National Laboratory

LCD = liquid crystal display

LED = light-emitting diode

LEED = Leadership in Energy and Environmental Design

lm = lumens

LPD = lighting power density, W/ft2

M = million

MERV = minimum efficiency reporting values

MLPW = mean lumens per watt

MPM = monitor power management

MTC = Massachusetts Technology Collaborative

MZS = multiple-zone recirculating ventilation system

N/A = not applicable

NBI = New Buildings Institute

NCEF = National Clearinghouse for Educational Facilities

NEMA = National Electrical Manufacturers Association

NFRC = National Fenestration Rating Council

NIBS = National Institute of Building Sciences

NREL = National Renewable Energy Laboratory

NZEB = net zero energy buildings

OA = outdoor air

O&M = operations and maintenance

OPR = owner’s project requirements

PAR = parabolic aluminized reflector

PF = projection factor

PIR = passive infrared

PL = Advanced Energy Design Guide code for “plug loads”

ppm = parts per million

psf = pounds per square foot

PV = photovoltaic

PVC = polyvinyl chloride

QA = quality assurance

QMH = quartz metal halide

R-Value = thermal resistance, (h∙ft2∙°F)/Btu

RCR = room-cavity ratio

RFP = request for proposal

RFQ = request for qualifications

RPI = Rensselear Polytechnic Institute

SBIC = Sustainable Buildings Industry Council

SEER = seasonal energy efficiency ratio, Btu/W∙h

SHGC = solar heat gain coefficient, dimensionless

SP = standard series lamps

SPx = premium series lamps

sq = square

SRI = solar reflectance index, dimensionless

SSPC = standing standards project committee

SWH = service water heating

TC = technical committee

TDV = thermal displacement ventilation

TSO = thermoplastic polyolefin

TV = television

U-Factor = thermal transmittance, Btu/(h∙ft2∙°F)
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UPS = uninterruptible power supply 

USGBC = U.S. Green Building Council

VAV = variable-air-volume

VFD = variable-frequency drives

VLT = visible light transmission

VSD = variable speed drive

W = watts

w.c. = water column

WH = Advanced Energy Design Guide code for “water heating systems and equipment”

WSHP = water source heat pump



Foreword: A Message to
School Administrators 
and School Boards

The Advanced Energy Design Guide for K-12 School Buildings can help you use 
ANSI/IESNA/ASHRAE Standard 90.1-1999, Energy Standard for Buildings Except 
Low-Rise Residential Buildings as a benchmark to build new schools that are 30% 
more energy efficient than current industry standards. This saves energy and, perhaps 
more importantly, helps you enhance your school’s educational mission.

IMPROVED LEARNING ENVIRONMENT

A better environment that includes favorable light, sound, and temperature can help stu-
dents learn better. In many cases, improving these attributes can also reduce energy use.  In 
Greening America’s Schools: Costs and Benefits, Greg Kats provides 17 studies that dem-
onstrate productivity increases of 2% to more than 25% from improved indoor air quality, 
acoustically designed indoor environments, and high-performance lighting systems.1 

Some of these studies show that daylighting, which uses the sun to produce high-quality, 
glare-free lighting, can improve academic performance by as much as 20%. Because it requires 
little or no electrical lighting, which can increase cooling loads, daylighting is also a key strat-
egy for achieving energy savings. Quality lighting systems include a combination of daylighting 
and energy-efficient electric lighting systems. These complement each other by reducing visual 
strain and providing better lighting quality. 

Advanced energy-efficient heating and cooling systems provide thermal comfort and 
are quiet. This produces quieter, more comfortable, and more productive spaces. Various 
studies show that noise exposure—even modest levels of ambient noise—negatively af-
fects educational outcomes. The impact on learning is magnified for younger children. 

Advanced, energy-efficient heating and cooling systems create cleaner, healthier indoor 
environments that lower student and staff absentee rates and improve teacher retention. This 
translates into higher test scores and lower staff costs. For example, Ash Creek Intermediate 
School in Oregon has reduced absenteeism (compared to the previous facility) by 15%.

1. Greening America’s Schools Costs and Benefits, A Capital E Report, October 2006. Report prepared 
by Gregory Kats. Sponsoring organizations include American Federation of Teachers, American In-
stitute of Architects, American Lung Association, Federation of American Scientists, and the U.S. 
Green Building Council. www.cap-e.com.
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REDUCED OPERATING COSTS

Many schools spend more money on energy each year than on school supplies. By us-
ing energy efficiently and lowering a school’s energy bills, millions of dollars each year can 
be redirected into facilities, teachers’ salaries, computers, and textbooks. Strategic up-front 
investments in energy efficiency provide significant long-term savings. Durant Road Middle 
School in Raleigh, North Carolina, uses many of the recommendations in this Guide. The 
school saves thousands of dollars annually, and recouped its initial investment within two 
years. The total annual energy cost in 2006 was only $1.01/ft2. Smart use of a site’s climatic 
resources and more efficient envelope design are keys to reducing a building’s overall en-
ergy requirements. Efficient equipment and energy management programs then help meet 
those requirements more cost effectively. Because of growing water demand and shrinking 
aquifers, the price of water is escalating at 10% per year or greater in some areas. Saving 
energy generally means saving water. Lower operating costs mean less fluctuation in budgets 
because of price instabilities of energy. Purchasing energy efficiency is buying into energy 
futures at a known fixed cost.

LOwER CONSTRUCTION COSTS/FASTER PAYbACk

Ideally, energy-efficient schools would cost the same or less to build than a typical 
school. We have been trained to think that energy efficiency must cost more; however, 
thoughtfully designed, energy-efficient schools can cost less to build. For example, op-
timizing the envelope to match the climate can substantially reduce the size of the me-
chanical systems. A school with properly designed north-south glazing will have lower 
mechanical costs than one with the same amount of glazing on an east-west orientation 
and will cost less to build. The heating systems at the Topham Elementary School in 
Langley, British Columbia, requires half as much heat as the next most efficient school 
in its district, costs half as much to maintain, and was less expensive to install. More 
efficient lighting means fewer lighting fixtures are needed. Better insulation and win-
dows mean heating systems can be downsized.  Likewise, cooling systems can often be 
downsized with a properly designed daylighting system and a better envelope. 

Some strategies may cost more up front, but the energy they save means they often pay 
for themselves within a few years. 

MORE SUPPORT FOR CONSTRUCTION FUNDING

Lower construction and operating costs also signify responsible stewardship of pub-
lic funds. This translates into greater community support for school construction financing, 
whether through local district bonds or state legislative action.

ENHANCED ENVIRONMENTAL CURRICULUM 

Schools that incorporate energy efficiency and renewable energy technologies make 
a strong statement about the importance of protecting the environment. They also provide 
hands-on opportunities for students and visitors to learn about these technologies and about 
the importance of energy conservation. Figure 1 shows a student at Desert Edge High School 
in Goodyear, Arizona, accessing information from an educational kiosk.

ENERGY SECURITY

Building an energy-conserving school reduces its vulnerability to volatile energy pric-
ing. The price of natural gas increased more than 270% between 1994 and 2004. The price 



of oil continues to climb as part of an 
upward trend. Additionally, approxi-
mately 60% of US oil is now import-
ed. The United States is also import-
ing electricity and natural gas. Using 
less energy contributes to a more se-
cure future for our country and our 
communities. 

wATER AS A RESOURCE

Water is a rapidly depleting natu-
ral resource. Though this Guide deals 
only with direct building-related energy 
conservation measures, water savings 
result in related energy savings. Wa-
ter savings from low-flow fixtures and 
reduced water use from efficient land-
scaping result in related energy savings 
from pumping and waste disposal. Po-
table water savings also result in water supply and processing energy savings of 10–25 Btu per 
gallon of water saved.2 Water is also used to produce electricity and to extract and process fossil 
fuels. Saving energy saves water.

REDUCED GREENHOUSE GAS EMISSIONS

According to the U.S. Environmental Protection Agency, buildings are responsible for 
almost half (48%) of all greenhouse gas emissions annually in the United States. Carbon di-
oxide, which is produced when fossil fuel is burned, is the primary contributor to greenhouse 
gas emissions. School districts can be a part of the solution when they reduce their consump-
tion of fossil fuels for heating, cooling, and electricity. Students and their parents will appre-
ciate this forward-thinking leadership.

ACHIEVING THE 30% ENERGY SAVINGS GOAL

Building a new school to meet or exceed a 30% energy savings goal is not difficult, but 
it does take some thought. First and foremost, it requires that the school system commit to 
the goal. A commitment that is incorporated in district policy is helpful. An individual from 
the school with decision-making power needs to act as a champion for the goal. The team 
must be willing and able to produce a design that meets the energy savings goals. It must also 
ensure that the building is constructed as designed and that school system staff is trained to 
operate the energy systems properly.

Design Team

To help optimize your design, reference your energy goal and this Guide in your re-
quest for qualifications/request for proposals (RFQ/RFP). Ideally, your prospective design 
team is already familiar with the Guide. Regardless, the team you select should have an 
established record of constructing buildings that operate with significant energy savings. 

2. Energy Index Development for Benchmarking Water and Wastewater Utilities. Report prepared by 
Steven W. Carlson and Adam Walburger, CDH Energy Corp. Published by the AWWA Research 
Foundation, 2007.

foreword: A messAge to school AdministrAtors And school BoArds | xv 

Figure 1. A student at Desert Edge High School in 
Goodyear, Arizona, accesses information from an 
education kiosk.

Photo courtesy of Agua Fria school district and 
Quality Attributes Software /Green Touchstone
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Design firms that successfully coordinate project team members, bring in building users 
and facilities staff for input, and use an iterative process to test design concepts are more 
likely to achieve the 30% goal cost-effectively.

If you use the prescriptive measures recommended in this Guide, you can realize 
energy savings of at least 30% without computer building energy modeling. However, 
properly performed computer building energy modeling can help you optimize your de-
sign and will result in lower up-front construction costs and energy savings that often ex-
ceed 50%. Consider the design team’s energy modeling capabilities during the architect/
engineer selection process to achieve even greater savings. 

Good daylighting can contribute to the 30% goal; however, it requires good technical 
daylighting design. If the design team does not have experience with a well-balanced day-
lighting design, a daylighting consultant should probably be added to the team. Some univer-
sities and utilities provide daylighting consulting at low or no cost.

Commissioning Authority (aka Commissioning Agent)

A building can have the best possible design for achieving energy savings, but unless it 
is constructed as designed and is operated according to the design intent, it will not realize 
energy savings. A commissioning authority (CxA) ensures that the energy- and water-saving 
methods and devices selected by the design team are incorporated in the building plans 
and specifications; that everything is built and tested accordingly; and that school person-
nel, including those occupying the building, are provided the necessary documentation and 
training to operate the building properly after it is occupied. The CxA can be an independent 
member of the design firm, the school’s facility staff, or a third-party consultant. Some prefer 
to use third-party consultants for this role to ensure that the work is done independently of 
the design team and that the results are not biased. More information on commissioning is 
available in Chapter 5 and Appendix B.

School Personnel

 Operations and maintenance personnel and teachers must be trained in the proper op-
eration of a school’s energy systems when the building is occupied. Initial training should 
be backed up by a long-term commitment to maintain an informed staff, including adminis-
trative, instructional, and facilities personnel, and to fund proper upkeep over the life of the 
installed systems. Scheduling and monitoring are important to ensure timely preventative 
maintenance. In addition, we recommend that any substantive changes made by facilities 
personnel be well documented and reviewed in the context of the original design.

A GOAL wITHIN REACH

Saving 30% or more on energy is within the reach of any school district with the will 
to do so. It is a good deal for students, teachers, administrators, and taxpayers. Join us in the 
goal to save energy, save money, protect the environment, and create a more secure energy 
future. We look forward to learning about your new energy-efficient schools through the case 
study database at www.ashrae.org/aedg.
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The Advanced Energy Design Guide for K-12 School Buildings was written to help 

owners and designers of elementary, middle, and high school buildings achieve energy 
savings of at least 30% compared to the minimum requirements of ANSI/ASHRAE/IESNA 
Standard 90.1-1999, Energy Standard for Buildings Except Low-Rise Residential Build-
ings, which serves as a baseline. This baseline is consistent with other Advanced Energy 
Design Guides in the series. One significant addition is the inclusion of daylighting op-
tions in the recommendations. This Guide contains recommendations only and is not a 
code or standard.

The Guide is intended to show that achieving the 30% target is not only possible, but 
easy. Case studies showcase schools around the country that have achieved or exceeded the 
target—the technologies are available to do the job. 

By specifying a target goal and identifying paths for each climate zone to achieve the goal, 
the Guide provides some ways to meet the 30% target and build K-12 schools that use substan-
tially less energy than those built to minimum energy-code requirements. This Guide provides a 
way, but not the only way to achieve the 30% energy savings target, and since there may be other 
ways of achieving this goal, we hope the Guide generates ideas for innovation.

The Guide was developed by a project committee that represents a diverse group of profes-
sionals. Guidance and support was provided through a collaboration of the American Society 
of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), the American Institute 
of Architects (AIA), the Illuminating Engineering Society of North America (IESNA), the U.S. 
Green Building Council (USGBC), and the U.S. Department of Energy (DOE). Members of the 
project committee come from these partner organizations: the ASHRAE Standing Standards 
Project Committee 90.1 (SSPC 90.1), the ASHRAE Technical Committee on Educational Fa-
cilities (TC 9.7), the Sustainable Building Industry Council (SBIC), the Collaborative for High 
Performance Schools Project (CHPS), and the National Clearinghouse for Educational Facili-
ties (NCEF) at the National Institute of Building Sciences (NIBS). 

The 30% energy savings target is the first step toward achieving net zero energy 
schools—schools that, on an annual basis, draw from outside sources less or equal energy 
than they generate on site from renewable energy sources. For more information on net zero 
energy buildings, see the references in Appendix E,  “Additional Resources.”

Other Guides in this series include the Advanced Energy Design Guide for Small 
Office Buildings, the Advanced Energy Design Guide for Small Retail Buildings, and 

Introduction
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the soon-to-be-pulished Advanced Energy Design Guide for Small Warehouses and 
Self Storage Buildings (www.ashrae.org/aedg). 

SCOPE

This Guide applies to K-12 (classified as elementary, middle, and high schools) build-
ings with administrative and office areas, classrooms, hallways, restrooms, gymnasiums, 
assembly spaces, food preparation spaces, and dedicated spaces such as media centers 
and science labs. This Guide does not consider specialty spaces such as indoor pools, wet 
labs (e.g., chemistry), “dirty” dry labs (e.g., wood-working or auto shop), or other unique 
spaces with extraordinary heat or pollution generation. It is primarily intended for new 
construction, but it may be equally applicable to many school renovation, remodeling, and 
modernization projects. 

Included in the Guide are recommendations for the design of the building envelope; 
fenestration; lighting systems (including electrical lights and daylighting); heating, ventila-
tion, and air-conditioning (HVAC) systems; building automation and controls; outside air 
(OA) treatment; and service water heating (SWH). Additional savings recommendations are 
also included but are not necessary for 30% savings. Additional savings recommendations 
are provided for electrical distribution, plug loads, renewable energy systems, and using the 
building as a teaching tool.

The recommendation tables do not include all the components listed in, ASHRAE 
Standard 90.1-1999. Though this Guide focuses only on the primary energy systems with-
in a building, the underlying energy analysis presumes that all the other components are 
built to the criteria in Standards 90.1 and 62.1.

Certain aspects of energy-efficient school design, including steam heat, modular 
classrooms, vehicle and maintenance areas, domestic water well piping, kitchen process 
loads (e.g., ovens, coolers, freezers), and sewage disposal are excluded from the Guide. 
Significant energy-efficiency opportunities may be available in these areas, and Guide users 
are encouraged to take advantage of these opportunities and treat them as bonuses beyond 
the 30% target. In addition, the Guide is not intended to substitute for rating systems or ref-
erences that address the full range of sustainable issues in schools, such as acoustics, pro-
ductivity, indoor air quality (IAQ), water efficiency, landscaping, and transportation, except 
as they relate to energy use. This Guide is not a design text; rather, it presumes good design 
skills and expertise in school design.

SCHOOL PROTOTYPES

To provide a baseline for this Guide, three school prototype designs with a variety of envelope, 
lighting, and HVAC configurations were developed and analyzed by using hourly building simu-
lations in eight climate zones. The designs include a 74,500 ft2 elementary school, an 112,000 ft2 
middle school, and a 205,000 ft2 high school, each of which was carefully assembled to be repre-
sentative of construction for schools of that class. Information was drawn from a number of sources 
and various school templates from around the country. The space types included in the prototype 
designs are shown in Table 1.1.

Two sets of hour-by-hour simulations were run for each prototype. The first set meets 
the minimum requirements of ASHRAE Standard 90.1-1999, and the second uses the rec-
ommendations in this Guide to achieve 30% energy savings. This process was repeated for 
all climate zones. All materials and equipment used in the simulations are commercially 
available from two or more manufacturers.

Energy savings for the recommendations vary depending on climate zones, daylight-
ing options, HVAC system type, and school type, but in all cases are at least 30% when 
compared to ASHRAE 90.1-1999. The savings as compared to ASHRAE 90.1-1999 for 
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the options with daylighting but without high efficiency electrical lighting ranged from 
34%–50%. The savings for the options without daylighting but with high efficiency electri-
cal lighting, ranged from 32%–45%.

Analysis was also made to determine energy savings of at least 30% when compared 
to ASHRAE Standard 90.1-2004. The savings as compared to ASHRAE 90.1-2004 for 
the options with daylighting but without high efficiency electrical lighting ranged from 
30%–45%. The savings for the options without daylighting but with high efficiency electri-
cal lighting ranged from 24%–41%. Complete results of the prototype school simulations 
are presented in the Technical Support Document: Development of the Advanced Energy De-
sign Guide for K-12 School Buildings, available at www.ashrae.org/aedg.

ACHIEVING 30% ENERGY SAVINGS

Meeting the 30% energy savings goal is not difficult, but it requires more than doing 
business as usual. Here are the essentials.

Obtain school district buy-in.1.  There must be strong buy-in from the school district’s 
leadership and staff. The more they know about and participate in the planning and 
design process, the better they will be able to help achieve the 30% goal after the 
school becomes operational. See the NCEF resource list, “School Energy Savings,” 
at www.ncef.org for one source of information about obtaining support for building 
energy-efficient, high-performance schools. The building owner must decide on the 
goals and provide the leadership to make the goals reality.
Assemble an experienced, innovative design team.2.  Interest and experience in designing energy-
efficient buildings, innovative thinking, and the ability to work together as a team are 
all critical to meeting the 30% goal. The team achieves this goal by creating a school 
that maximizes daylighting, minimizes heating and cooling loads, and has highly ef-
ficient lighting and HVAC systems. Energy goals should be communicated in the RFP 
and design team selection based in part on the team’s ability to meet the goals. The 
design team implements the goals for the owner.
Adopt an integrated design approach.3.  Cost-effective, energy-efficient design requires 
trade-offs among potential energy-saving features. This requires an integrated approach 

Table 1.1. Prototype Designs Space Types

Space Types Elementary Middle High
Classrooms × × ×

Library × × ×

Media center × × ×

Computer lab × × ×

Science lab × ×

Music × × ×

Arts/crafts × × ×

Multipurpose room × ×

Auditorium/theater ×

Special ed/resource × × ×

Gymnasium × ×

Auxiliary gymnasium ×

Offices × × ×

Infirmary/clinic × × ×

Cafeteria × × ×

Kitchen × × ×

Hall lockers × ×



20 | AdvAnced energy design guide for K-12 school Buildings

to school design. A highly efficient lighting system, for instance, may cost more than 
a conventional one, but because it produces less heat, the building’s cooling system 
can often be downsized. The greater the energy savings, the more complicated the 
trade-offs become and the more design team members must work together to deter-
mine the optimal mix of energy-saving features. Because many options are available, 
the design team will have wide latitude in making energy-saving trade-offs. This 
Guide uses an integrated approach to achieve the energy savings by creating an en-
velope that can provide most of the heating, cooling, and lighting for the building. 
Consider a daylighting consultant.4.  Daylighting can be an important energy savings 
strategy that has additional academic benefits; however, it requires good technical day-
lighting design. If the design team does not have experience with a well-balanced 
daylighting design, it may need to add a daylighting consultant. Some universities and 
utilities provide daylighting consultations at low or no cost.
Consider energy modeling.5.  This Guide is designed to help achieve energy savings of 30% 
without energy modeling, but energy modeling programs that simulate hourly operation of 
the building and provide annual energy usage data make evaluating energy-saving trade-
offs faster and far more precise. These programs have learning curves of varying difficulty, 
but energy modeling for school design is highly encouraged and is considered necessary 
for achieving energy savings beyond 30%. See DOE’s “Building Energy Software Tools 
Directory” at http://www.eere.energy.gov/buildings/tools_directory for links to energy 
modeling programs. Part of the key to energy savings is using the simulations to make 
envelope decisions first and then evaluating heating, cooling, and lighting systems. Devel-
oping HVAC load calculations is not energy modeling and is not a substitute for energy 
modeling.
Use building commissioning.6.  Studies verify that building systems, no matter how care-
fully designed, are often improperly installed or set up and do not operate as efficiently 
as expected. The 30% goal can best be achieved through building commissioning (Cx), a 
systematic process of ensuring that all building systems—including envelope, lighting, and 
HVAC—perform as intended. The Cx process works because it integrates the traditionally 
separate functions of building design, system selection, equipment startup, system control 
calibration, testing, adjusting and balancing, documentation, and staff training.

The more comprehensive the Cx process, the greater the likelihood of en-
ergy savings. A commissioning authority (CxA) should be appointed at the be-
ginning of the project and work with the design team throughout the project. 
Solving problems in the design phase is more effective and less expensive than 
making changes or f ixes during construction. See Appendix B and the “Com-
missioning” section of Chapter 5 of this Guide for more information, as well as 
Appendix E for additional resources.
Train building users and operations staff.7.  Staff training can be part of the building 
Cx process, but a plan must be in place to train staff for the life of the building to 
meet energy savings goals. The building’s designers and contractors normally are not 
responsible for the school after it becomes operational, so the school district must 
establish a continuous training program that helps occupants and operations and 
maintenance (O&M) staff maintain and operate the school for maximum energy ef-
ficiency. This training should include information about the impact of plug loads on 
energy use and the importance of using energy-efficient equipment and appliances. 
One source of information about staff training is the NCEF resource list “School 
Facilities Management” at www.ncef.com.
Monitor the building.8.  A monitoring plan is necessary to ensure that energy goals are 
met over the life of the building. Even simple plans, such as recording and plotting 
monthly utility bills, can help ensure that the energy goals are met. Buildings that do 
not meet the design goals often have operational issues that should be corrected. 



HOw TO USE THIS GUIDE

Review Chapter 2 to understand how an integrated design approach is used to achieve •	
30% or greater energy savings. Checklists show how to establish and maintain the energy 
savings target throughout the project.
Use Chapter 3 to select specific energy saving measures by climate zone. This chap-•	
ter provides a prescriptive path that does not require modeling for energy savings. 
These measures also can be used to earn credits for CHPS, LEED®, and other build-
ing rating systems. 
Review the case studies in Chapter 4 to see how the 30% energy savings goal has been •	
met in schools in climate zones across the country.
Use Chapter 5 to apply the energy saving measures in Chapter 3. This chapter has •	
suggestions about best design practices, how to avoid problems, and how to achieve 
additional savings with energy-efficient appliances, plug-in equipment, and other 
energy saving measures.
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22An Integrated 
Design Approach 
to Achieve Savings

The integrated design process strives to minimize the building loads by selecting an 
appropriate building site and increasing envelope thermal efficiency. This usually reduces 
the demand on subsystems such as HVAC, lighting, plumbing, and power. Integration en-
courages the right-sizing of building systems and components that allows for reduced first 
and life-cycle costs. A successful integrated design approach provides the best energy per-
formance at the least cost and is characterized as follows:

It is resourceful.•	  Integrated design begins with site assessment and selection. Site se-
lection is an opportunity to obtain free energy resources. Daylighting can provide most 
lighting needs in many locations, passive solar heat can reduce mechanical heating 
loads, external overhangs can reduce cooling loads, and photovoltaic (PV) panels can 
reduce the amount of electricity that needs to be produced by fossil fuels. Proper build-
ing orientation, form, and layout provide substantial energy savings. 
It is multidisciplinary.•	  Integrated design goes beyond the conventional practice of a 
kick-off meeting with the designers and their consultants. Instead, it involves the own-
er, designers, technical consultants, construction manager (CM), CxA, facility staff, 
and end users in all phases of the project. The process requires cross-disciplinary de-
sign and validation at all phases of the process. 
It is goal driven.•	  A goal-setting session early in the design process can identify 
strategies to meet energy-efficiency and other sustainable building goals in relation 
to the school’s mission. Goals must be quantifiable and measurable. Insisting on a 
well-defined Basis of Design at the beginning of the project will help ensure that the 
energy goals and objectives are integrated into the design and considered through-
out the project. By including school district representatives, parents, and, when ap-
propriate, students in this session, the likelihood of generating integrated, creative 
solutions is greatly increased. Aligning design goals with learning and including 
those invested in the school’s mission are key to a successful project.  
It is iterative.•	  A goal-setting session is just the beginning. As the design concept takes 
shape, it needs to be tested to determine which strategies will result in desired energy per-
formance, optimized maintenance requirements, and reduced life-cycle costs. Preferably, 
this takes the form of energy modeling at key points in the design process. It also requires 
that time be set aside during design reviews to discuss system-level energy use.



The CxA, who may be a member of the school district’s facility staff, an independent 
staff member from the design firm, or an outside consultant, is an integral part of this itera-
tive process. He or she validates that the design documents meet the energy savings goals, 
that the building is constructed as designed, and that the school staff knows how to use, 
operate, and maintain the building to achieve the energy savings goals.

The following presentation of an integrated process for achieving energy savings in new 
school buildings is valuable for designers and builders who want to augment and improve 
their practices so that energy efficiency is deliberately considered at each stage of the devel-
opment process from project conception through building operation. The tasks to be com-
pleted in each design, construction, and operation phase are identified, and responsibilities 
are assigned in Tables 2.1–2.4. 

PRE-DESIGN PHASE

Adopting measurable energy goals at the beginning of the project will guide the team 
and provide a benchmark throughout the project’s life. General strategies that relate to these 
goals will be identified at this phase as part of the goal discussions. Strategies will be fur-
ther refined and confirmed during the design phase. Because of the nature of school build-
ings, goal setting should include consideration of the community context and curriculum 
opportunities. One example is to prioritize an energy strategy that also teaches. Another 
example would be to identify synergies with other facility uses to avoid constructing un-
necessary buildings. Daylighting, as an energy-saving strategy that is uniquely important 
to classroom design, needs to be decided on early in the process so it can be integrated 
into the whole building design.

Emphasize goals that relate to large energy uses and can produce the most savings. 
Priorities are likely to vary significantly from one climate zone to another and may vary 
between schools in the same climate zone. Site conditions can significantly affect energy 
performance. For example, differences in building application, climate, and orientation 
will affect the selection of various energy goals and strategies. Figure 2.1 shows the 
baseline energy use for a 74,500 ft2 elementary school in the 15 climate zones. It demon-
strates that cooling and lighting energy predominates in climate zone 1 (Miami is in 1A, 
a subset of climate zone 1), so the goals and strategies for cooling and lighting should 
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Table 2.1. Energy Goals in the Context of the Pre-Design Phase

Activities Responsibilities
Select the core team

Include energy goals in the RFP•	
Designers (including project architect and engineer •	
and other design consultants)
CxA•	
CM•	

Owner

Adopt energy goals Owner and designers

Assess the site

Evaluate centrality to the community•	
Evaluate access to public transportation•	
Identify on-site energy opportunities•	
Identify best building orientation•	

Owner, designers, CM

Define functional and spatial requirements Owner and designers

Define energy efficiency and budget benchmarks Owner, designers, CM, estimator
Prepare the design and construction schedule Owner, designers, CM

Determine building envelope and systems preferences Owner, designers, CM

Perform cost/benefit analysis for energy strategies Owner and designers

Identify applicable energy code requirements Owner and designers
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Table 2.2. Energy Goals in the Context of the Design Phase
Activities Responsibilities

Prepare diagrammatic building plans that satisfy functional 
program requirements

Designers

Develop specific energy strategies Owner, designers, CM, CxA

Develop the site plan to make best use of building orientation and 
daylighting strategies

Designers

Select building systems, taking into account their desired energy efficiency Owner, designers, CM

Develop building plans, sections, and details incorporating the above strategies Designers

Develop architectural and lighting details (for example, lighting, fenestration, 
exterior sun control, taking into account their energy implications)

Designers

Refine the design (for example, refine the building elevations to reflect the  
appropriate location and size of windows)

Designers

Perform design reviews at each phase of the project to verify that the project 
meets functional and energy goals

Owner, designers, CM, CxA

Calculate building HVAC loads AND run energy models to optimize design at each 
design stage (schematic, design development, and construction drawings) 
to ensure that energy goals are being met; use recommended loads for lighting 
power density from this Guide.

Designers

Match capacity of HVAC systems to design loads to avoid costly overdesign, specify 
equipment efficiency as recommended by this Guide

Designers

Perform final coordination and integration of architectural, mechanical, 
and electrical systems

Designers

Prepare specifications for all systems Designers

Integrate Cx specifications into project manual Designers and CxA

Prepare cost estimates at  each phase of design CM, CxA, estimator

Review and revise final design documents Owner, designers, CxA

Table 2.3. Energy Goals in the Context of the Bidding and Construction Phase
Activities Responsibilities

At the pre-bid conference, emphasize energy-efficiency measures and  
the Cx process

Owner, designers, CM, CxA

At all job meetings, review energy efficiency measures and Cx procedures Owner, designers, CM, CxA

Verify that building envelope construction carefully follows the drawings and specifications Designers, CxA

Verify that HVAC and electrical systems meet specifications Designers, CxA

Table 2.4. Energy Goals in the Context of the Acceptance Phase
Activities Responsibilities

Prepare pre-occupancy punch list Owner, designers, CM, CxA

Conduct system performance tests Designers, CM, CxA, general contractor, subcontractor

Submit completed O&M manuals CxA, general contractor, subcontractor

Provide O&M training for school staff CxA, general contractor, subcontractor

Establish building O&M program CxA, general contractor, subcontractor, facility staff

Resolve any remaining Cx issues identified during the construction 
or occupancy phase

Owner, CM, CxA, general contractor, subcontractor

Certify building as substantially complete Owner, designers, CM, CxA

Purchase computers and other energy using appliances that meet 
ENERGy StAR® efficiency to reduce plug loads

Owner, facility staff

Monitor post-occupancy performance for one year CxA, facility staff

Create post-occupancy punch list CxA, facility staff

Grant final acceptance Owner, designers, CM, CxA
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receive the highest priorities. In climate zone 8 (Fairbanks), the goals and strategies for 
heating and lighting should receive the highest priority. Table 2.1 lists strategies to follow 
to keep the pre-design phase in line with energy design goals.

DESIGN PHASE

In the design phase, the project team develops and incorporates energy strategies into 
building plans and specifications. This will have a major impact on the overall energy per-
formance of the building as constructed. Design choices should be in order as follows:

Optimize on-site resources, especially daylighting1. 
Reduce energy loads2. 
Size systems properly3. 
Incorporate efficient equipment4. 

At each point, the decisions should take into account other priorities and systems 
decisions. For example, cooling system sizing should take into account daylighting 
measures, glazing sizes, and building orientation.

The CxA reviews the design to verify that the project goals are being met. The CxA 
should also verify that the assumptions for HVAC load calculations and other modeling as-
sumptions are based on actual design parameters rather than on rule of thumb. Information 
about how to integrate the Cx process into your project is included in Chapter 5. Table 2.2 lists 
strategies to follow to keep the design phase in line with energy design goals.

bIDDING AND CONSTRUCTION

Even the best design will not yield the expected energy savings if the construction plans 
and specifications are not correctly executed. Table 2.3 lists strategies that the project team 
can use to keep the construction process in line with energy design goals. 

Figure 2.1. Elementary school annual baseline end uses across climate zone.



OCCUPANCY: EVALUATE PERFORMANCE AND TRAIN USERS

Occupancy is a critical time in the process and is often neglected by the project teams. 
Energy savings are difficult to attain if the occupants and O&M staff do not know how to 
use, operate, and maintain the building. The CxA should ensure timely submittals of the 
O&M manuals through specifications and regular reminders at construction meetings, and 
ensure adequate and timely training of all school personnel.

A performance review should be conducted during the first year of building operation. 
The building operator should discuss any systems that are not performing as expected with 
the design and construction team so they can be resolved during the warranty period. Over 
time, the building’s energy use, changes in operating hours, and any addition of energy-
consuming equipment should be tracked and documented by school facilities staff. This in-
formation can be used to determine how well the building is performing and can provide les-
sons to take back to the design table for future projects. Performance evaluations should take 
place on a schedule specified in a maintenance manual provided to the owner as part of final 
project acceptance. Ongoing training of school personnel, including facilities staff, admin-
istrators, and instructional staff, should be provided to address changes and staff turnover. 
Table 2.4 lists strategies to help keep the acceptance phase in line with energy design goals. 
Additional information about energy-efficient operation and ongoing energy management is 
available in Appendix E.
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