
Recommendations are contained in the individual tables in Chapter 3, “Recommenda-
tions by Climate.” The following information is intended to provide good-practice guidance 
for implementing the recommendations, as well as notes of caution to avoid known problems 
in energy-efficient construction. The sections are divided into Commissioning, Envelope,  
Lighting, HVAC, Service Water Heating, and Additional Savings. The “Additional Savings” 
section includes bonus savings—good practice items, which, if implemented, will achieve 
additional savings above the 30% level.

COMMISSIONING

To reduce project risk, Cx offers a quality-oriented process for achieving, verifying, and 
documenting that the performance of facilities, systems, and assemblies meets the defined ob-
jectives and criteria. The CxA is a dedicated person (one with no other project responsibilities) 
who can execute this process systematically. An independent party, whether a third-party Cx 
professional or a capable member of the organization, is recommended to help ensure that the 
strategies and recommendations contained herein and adopted by the owner are implemented 
in accordance with this Guide and other documented objectives, criteria, and requirements. 
Cx practice recommendations are offered below. Appendix B summarizes the Cx scope and 
responsibilities.

Selection of a Commissioning Authority

The selection of a CxA should include the same evaluation process the owner would 
use to select other project team members. The owner should investigate and consider quali-
fications in providing Cx services, past performance of projects, costs of services, and 
availability when making a selection. 

Owners may select a member of the organization, the design team, or the construc-
tion team as the CxA. Although there are exceptions, most designers are not comfortable 
operating and testing assemblies and equipment, and few contractors have the technical 
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background or time necessary to thoroughly evaluate performance. Cx requires in-depth 
technical knowledge of the building envelope; mechanical, electrical, and plumbing sys-
tems; and operational and construction experience. The CxA function is best performed by 
an entity responsible to the owner because political issues often prevent a member of the 
design or construction organizations from fulfilling this responsibility. 

Design and Construction Schedule 

The inclusion of Cx activities in the construction schedule fulfills a critical role in 
delivering a successful project. The activities and time required for design review and 
performance verification must be identified to minimize the time and effort needed to 
accomplish activities and correct deficiencies.

Design Review

A second pair of eyes provided by the CxA offers a fresh perspective that allows iden-
tification of issues and opportunities to improve the quality of the construction documents. 
Issues identified can be more easily corrected early in the project, providing potential savings 
in construction costs and reducing risk to the team. 

Defining Commissioning Process at Pre-Bid 

The building industry has traditionally delivered buildings without using a verification 
process. Changes in traditional design and construction procedures and practices require that 
the construction team be educated about how the Cx process will affect the various trades 
bidding on the project. The Cx process must be reviewed with the bidding contractors to fa-
cilitate understanding of and to help minimize apprehension associated with new practices. 
Teams who have participated in the Cx process typically appreciate the process because they 
can resolve problems while their manpower and materials are still on the project. This signifi-
cantly reduces delays, callbacks, and costs, and enhances their delivery capacity.

Verifying Building Envelope Construction

The building envelope is a key element of an energy-efficient design. Compromises in as-
sembly performance are common and are caused by a variety of factors that can easily be avoid-
ed. Improper placement of insulation, improper sealing or lack of sealing around air barriers, 
incorrect or poorly performing glazing and fenestration systems, incorrect placement of shad-
ing devices, misplacement of daylighting shelves, and misinterpretation of assembly details can 
compromise the energy performance of the building (see “Cautions” throughout this chapter). 
The value of the Cx process is that it offers an extension of the quality control processes of the 
designer and contractor as the team works together to produce quality energy-efficient projects.

Verifying Electrical and HVAC Systems Construction

Performance of electrical and HVAC systems are key elements of this Guide. How systems 
are installed will affect how efficiently they can be serviced and how well they will perform. 
Observations during construction identify problems while they are easy to correct.

Testing

Systems must be tested to ensure that a project following this Guide will attain the energy sav-
ings that can be expected from the recommended strategies and recommendations. If the contractors 
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use the Cx recommendations as intended, systems can be tested quickly, and minor but important 
issues can be resolved. Owners can use the functional testing process as a training tool to educate 
their O&M staff about how the systems operate and for system orientation before training.

Substantial Completion

Substantial completion generally means that the life safety systems are completed and 
accepted. Contractors typically do not test the systems’ performance at substantial comple-
tion, nor do we recommend that. The systems may be operational, but they probably do not 
yet operate as intended. They cannot perform as expected unless all systems operate inter-
actively to provide the desired results. As contractors finish their work, they will identify 
and resolve many performance problems. The CxA helps to resolve remaining issues.

Maintenance Manual Submitted and Accepted

The Cx process includes communication of activities that the owner will be responsible 
for completing to maintain the manufacturers’ warranties. Information on the owner’s re-
quirements and expectations should be provided to the O&M staff for an understanding of the 
original objectives and criteria for the project. A systems manual that provides the operators 
the information needed to optimally operate the building should also be made available.

Resolve Quality Control Issues Identified Throughout the Construction Phase

Issues identified during the construction process are documented in an issues log and 
presented to the team for collaborative resolution; they are then tracked and reviewed at 
progress meetings until they are resolved. Typically the CxA develops and maintains the 
issues log. The owner’s completion and acceptance of the systems and assemblies will be 
contingent on issues that are still outstanding at the end of the project. Minor issues may 
be tracked by the owner’s O&M staff; others will need to be resolved before the work is 
accepted. The Cx process finishes with verification that the issues identified have been re-
solved, and the owner provides direction to the team to resolve issues. 

Final Acceptance

Final acceptance generally occurs after Cx issues in the issues log have been resolved, 
except for minor issues the owner is comfortable addressing during the warranty period.

Establish a Building Maintenance Program

Continued performance and control of O&M costs require a maintenance program. 
O&M manuals provide information that the O&M staff uses to develop this program. De-
tailed O&M system manual and training requirements are defined in the Cx process and 
are executed by the project team to ensure O&M staff has the necessary tools and skills. 
The CxA can help bridge the knowledge gaps of the O&M staff and help the owner de-
velop a program to ensure continued performance. The benefits associated with energy-
efficient buildings are realized when systems perform as intended through proper design, 
construction, and O&M.

Monitor Post-Occupancy Performance

Establishing measurement and verification procedures with a performance baseline 
can help a CxA identify when corrective action or repair is required to maintain energy 
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performance. Utility energy use and factors that affect it should be monitored and re-
corded to establish building performance during the first year of operation. Tools such as 
ENERGY STAR’s Portfolio Manager1 can help track energy use and costs. 

Variations in utility use can be justified based on changes in conditions, such as 
weather, occupancy, operational schedule, maintenance procedures, and equipment op-
erations required by these conditions that typically affect energy use. Tracking specific 
parameters allows the owner to quickly review utility bills and changes in conditions. 
Poor performance is generally obvious to the reviewer when comparing the various pa-
rameters. The CxA can typically help owners understand when operational tolerances 
are exceeded and can help define the actions that may be required to return the building 
to peak performance.

ENVELOPE

Cool Roofs (Climate Zones:                                       )

To be considered a cool roof, a solar reflectance index (SRI) of 78 or higher is 
recommended. A high reflectance keeps much of the sun’s energy from being ab-
sorbed while a high thermal emittance radiates away solar energy that is absorbed, 
allowing the roof to cool more rapidly. Cool roofs are typically white and have a 
smooth surface. Commercial roof products that qualify as cool roofs fall into three 
categories: single-ply, liquid-applied, and metal panels. Examples are presented in 
Table 5.1.

The solar reflectance and thermal emittance property values represent initial conditions 
as determined by a laboratory accredited by the Cool Roof Rating Council.

An SRI can be determined by the following equations:

SRI = 123.97 – 141.35(c) + 9.655(c2)

where

and
 a = solar absorptance = 1 – solar reflectance 
 e = thermal emissivity

1. http://www.energystar.gov/index.cfm?c=evaluate_performance.bus_portfoliomanager

Good Design
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c  =  20.797 × a – 0.603 × e 
                       9.5205 × e + 12.0

Table 5.1. Examples of Cool Roofs

Category Product Reflectance Emissivity SRI

Single-Ply White PVC (polyvinyl chloride) 0.86 0.86 107

Single-Ply White CPE (chlorinated polyethylene)

Single-Ply White CPSE (chlorosulfonated polyethylene) 0.85 0.87 106

Single-Ply White tSO (thermoplastic polyolefin) 0.77 0.87 95

Liquid-Applied White elastomeric, polyurethane, acrylic coating 0.71 0.86 86

Liquid-Applied White paint (on metal or concrete) 0.71 0.85 86

Metal Panels Factory-coated white finish 0.90 0.87 113
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These formulas were derived from ASTM E1980 assuming a medium wind speed. Note 
that cool roofs are not an alternative to the appropriate amount of insulation.

Roofs, Insulation Entirely Above Deck (Climate Zones: all)

The insulation entirely above deck should be continuous insulation (c.i.) rigid boards. 
Continuous insulation is important because no framing members are present that would 
introduce thermal bridges or short circuits to bypass the insulation.

When two layers of c.i. are used in this construction, the board edges should be stag-
gered to reduce the potential for convection losses or thermal bridging. If an inverted or 
protected membrane roof system is used, at least one layer of insulation is placed above the 
membrane and a maximum of one layer is placed beneath the membrane.

Roofs, Attics, and Other Roofs (Climate Zones: all)

Attics and other roofs include roofs with insulation that is entirely below (inside) 
the roof structure (attics and cathedral ceilings) and roofs with insulation both above 
and below the roof structure. Ventilated attic spaces need to have the insulation in-
stalled at the ceiling line. Unventilated attic spaces may have the insulation installed 
at the roof line. When suspended ceilings with removable ceiling tiles are used, the 
insulation needs to be installed at the roof line. For buildings with attic spaces, ventila-
tion should be provided equal to 1 ft2 of open area per 100 ft2 of attic space. This will 
provide adequate ventilation as long as the openings are split between the bottom and 
top of the attic space. Additional ventilation can further improve the performance of 
the building.

In metal roof building construction, purlins are typically z-shaped, cold-formed steel 
members, although steel bar joists are sometimes used for longer spans.

The thermal performance of metal building roofs with fiberglass blankets is improved 
by addressing the thermal bridging associated with compression at the purlins. The two 
types of metal building roofs are standing seam roofs and through-fastened roofs. Standing 
seam roofs have very few exposed fasteners and utilize a concealed clip for the structural 
attachment of the metal roof panel to the purlins. The larger gap between the purlin and 
the roof sheets, along with the thermal spacer block, provides a thermal break that results 
in improved performance compared to the standard through-fastened metal roofs. It is rec-
ommended that the thermal resistance between the purlin and the metal deck be at least 
R-8.  One means to accomplish this is by using a 3/4 × 3 in. foam block (R-5) over 3/4 in. 
of compressed fiberglass blanket (R-3). Alternatively, a 2 in. space filled with compressed 
fiberglass insulation will provide roughly R-8. 

Through-fastened metal roofs are screwed directly to the purlins and have fasten-
ers that are exposed to the elements.  The fasteners have integrated neoprene washers 
under the heads to provide a weathertight seal.  Thermal spacer blocks are not used with 
through-fastened roofs because they may diminish the structural load carrying capac-
ity by “softening” the connection and restraint provided to the purlin by the metal roof 
panels.  To meet the performance recommendations of this guide, through-fastened roofs 
will generally require insulation over the purlins in the conventional manner, with a sec-
ond lay of insulation added to the system. The second layer of insulation can be placed 
either parallel to the purlins (on top of the first layer) or suspended below the purlins.

In climate zone 1 the recommended construction is standing-seam roofs with R-19 
insulation blankets draped over the purlins. 

In climate zones 2 through 8, the recommended construction is standing-seam roofs with two 
layers of blanket insulation. The first layer is draped perpendicularly over the purlins with enough 
looseness to allow the second insulation layer to be laid above it, parallel to the purlins.

EN2
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In any case, continuous rigid insulation or other high performance insulation systems 
may be used to meet the U-facors listed in Appendix A.

Roofs, Single Rafter (Climate Zones: All)

Single-rafter roofs have the roof above and ceiling below both attached to the same 
wood rafter, and the cavity insulation is located between the wood rafters. Continuous 
insulation, when used, is installed on the bottom of the rafters and above the ceiling ma-
terial. Single rafters can be constructed with solid wood framing members or truss-type 
framing members. The cavity insulation should be installed between the wood rafters and 
in intimate contact with the ceiling to avoid the potential thermal short-circuiting associ-
ated with open or exposed air spaces.

Walls, Mass (Climate Zones: all)

Mass walls are defined as those with a heat capacity exceeding 7 Btu/ft2∙°F. In-
sulation may be placed either on the inside or the outside of the masonry wall. When 
insulation is placed on the exterior, rigid c.i. is recommended. When it is placed on the 
interior, a furring or framing system may be used, provided the total wall assembly has 
a U-factor that is less than or equal to the appropriate climate zone construction listed 
in Appendix A.

The greatest advantages of mass can be obtained when insulation is placed on its exte-
rior. In this case, the mass absorbs heat from the interior spaces that are later released in the 
evenings when the buildings are not occupied. The thermal mass of a building (typically 
contained in the building envelope) absorbs heat during the day and reduces the magnitude 
of indoor air temperature swings, reduces peak cooling loads, and transfers some of the ab-
sorbed heat into the night hours. The cooling load can then be covered by passive (natural) 
cooling techniques when the outdoor conditions are more favorable. An unoccupied build-
ing can also be pre-cooled during the night by natural or mechanical ventilation to reduce 
the cooling energy use. 

Thermal mass also has a positive effect on thermal comfort. High-mass build-
ings attenuate interior air and wall temperature variations and sustain a stable overall 
thermal environment. This increases thermal comfort, particularly during mild seasons 
(spring and fall), during large air temperature changes (high solar gain), and in areas 
with large day/night temperature swings.

A designer should keep in mind that the occupant will be the final determinant 
factor on the extent of the usability of any building system, including thermal mass. 
Changing the use of internal spaces and surfaces can drastically reduce the effective-
ness of thermal storage. The final use of the space must be considered when making 
the cooling load calculations and incorporating possible energy savings from thermal 
mass effects.

Walls, Steel Framed (Climate Zones: all)

Cold-formed steel framing members are thermal bridges to the cavity insulation. 
Adding exterior foam sheathing as c.i. is the preferred method to upgrade the wall 
thermal performance because it will increase the overall wall thermal performance and 
tends to minimize the impact of the thermal bridging.

Alternative combinations of cavity insulation and sheathing in thicker steel-framed 
walls can be used, provided that the proposed total wall assembly has a U-factor that is 
less than or equal to the U-factor for the appropriate climate zone construction listed in 
Appendix A. Batt insulation installed in cold-formed steel-framed wall assemblies is to 
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be ordered as full width batts and installation is normally by friction fit. Batt insulation 
should fill the entire cavity and not be cut short.

Walls, Wood Frame, and Other (Climate Zones: all)

Cavity insulation is used within the wood-framed wall; rigid c.i. is placed on the 
exterior side of the framing. Alternative combinations of cavity insulations and sheath-
ings in thicker walls can be used, provided the total wall assembly has a U-factor that 
is less than or equal to the appropriate climate zone construction listed in Appendix A. 
Batt insulation should fill the entire cavity and not be cut short.

In metal building wall construction in climate zones 1–4, a single layer of fiber-
glass batt insulation is recommended. The insulation is installed continuously, perpen-
dicular to the exterior of the girts, and is compressed as the metal skin is attached to 
the girts. In climate zones 5–8, one layer of fiberglass batt insulation is recommended 
along with a layer of rigid continuous insulation (c.i.). The fiberglass layer is installed 
continuously perpendicular to the exterior of the girts. The rigid c.i. insulation is in-
stalled over the fiberglass layer. The fiberglass layer is compressed as the metal skin is 
attached to the girts.

 Below-Grade Walls (Climate Zones: all)
Insulation, when recommended, may be placed either on the inside or the outside 

of the below-grade wall. If placed on the exterior of the wall, rigid c.i. is recommended. 
If placed on the interior wall, a furring or framing system is recommended, provided 
the total wall assembly has a C-factor that is less than or equal to the appropriate cli-
mate zone construction listed in Appendix A.

Floors, Mass (Climate Zones: all)

Insulation should be continuous and either integral to or above the floor. It 
should be purchased by the conductive R-value. This can be achieved by placing 
high-density extruded polystyrene as c.i. above the slab with either plywood or a 
thin layer of concrete on top. An exception: buildings or zones in buildings that have 
durable floors for heavy machinery or equipment could have insulation placed below 
the deck.

When heated slabs are placed below grade, below-grade walls should meet the insu-
lation recommendations for perimeter insulation according to the heated slab-on-grade 
construction.

Floors, Steel Joist, or Wood Frame (Climate Zones: all)

Insulation should be installed parallel to the framing members and in inti-
mate contact with the flooring system supported by the framing member to avoid 
the potential thermal short-circuiting associated with open or exposed air spaces. 
Nonrigid insulation should be supported from below, no less frequently than 24 in. 
on center.

Slab-on-Grade Floors, Unheated (Climate Zones:  )

Rigid c.i. should be used around the perimeter of the slab and should reach the depth 
listed in the recommendation or to the bottom of the footing, whichever is less. In climate 
zones 5–8 and in cases where the frost line is deeper than the footing, c.i. should be placed 
beneath the slab as well.
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Slab-on-Grade Floors, Heated (Climate Zones: all)

When slabs are heated, rigid c.i. should be used around the perimeter of the slab and 
should reach to the depth listed in the recommendation or to the bottom of the footing, 
whichever is less. Additionally, in climate zones 5–8, c.i. should be placed below the slab. 
The conductive R-value must be used for the insulation, as radiative heat transfer is small 
in this application.

Note: In areas where termites are a concern and rigid insulation is not recommended 
for use under the slab, a different heating system should be used.

Doors—Opaque, Swinging (Climate Zones: all)

A U-factor of 0.37 corresponds to an insulated double-panel metal door. A U-factor 
of 0.61 corresponds to a double-panel metal door. If at all possible, single swinging doors 
should be used. Double swinging doors are difficult to seal at the center of the doors unless 
there is a center post. Double swinging doors without a center post should be minimized 
and limited to areas where width is important. Vestibules can be added to further improve 
energy efficiency. 

Doors—Opaque, Roll-Up, or Sliding (Climate Zones: all)

Roll-up or sliding doors are recommended to have R-4.75 rigid insulation or meet 
the recommended U-factor. When meeting the recommended U-factor, the thermal bridg-
ing at the door and section edges is to be included in the analysis. Roll-up doors that have 
solar exposure should be painted with a reflective paint (or high emissivity) and should be 
shaded. Metal doors are a problem in that they typically have poor emissivity and collect 
heat, which is transmitted through even the best insulated door and causes cooling loads 
and thermal comfort issues. 

Alternative Constructions (Climate Zones: all)

The climate zone recommendations provide only one solution for upgrading the thermal per-
formance of the envelope. Other constructions can be equally effective, but they are not shown in 
this document. Any alternative construction that is less than or equal to the U-factor, C-factor, or 
F-factor for the appropriate climate zone construction is equally acceptable. A table of U-factors, 
C-factors, and F-factors that correspond to all the recommendations is presented in Appendix A.

Procedures to calculate U-factors and C-factors are presented in the ASHRAE Hand-
book—Fundamentals, and expanded U-factor, C-factor, and F-factor tables are presented in 
ASHRAE Standard 90.1, Appendix A.

The design of building envelopes for durability, indoor environmental quality, and en-
ergy conservation should not create conditions of accelerated deterioration, reduced thermal 
performance, or problems associated with moisture, air infiltration, or termites. The follow-
ing cautions should be incorporated into the design and construction of the building.

Truss Heel Heights (Climate Zones: all)

When insulation levels are increased in attic spaces, the truss heel height should be 
raised to avoid the eave compression. Roof insulation should extend to the exterior of the 
walls to minimize edge effects.

Cautions
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Slab-Edge Insulation (Climate Zones: all)

Use of slab-edge insulation improves thermal performance, but problems can occur in 
regions that have termites.

Air Infiltration Control (Climate Zones: all)

The building envelope should be designed and constructed with a continuous air 
barrier system to control air leakage into or out of the conditioned space. An air barrier 
system should also be provided for interior separations between conditioned space and 
space designed to maintain temperature or humidity levels that differ from those in the 
conditioned space by more than 50% of the difference between the conditioned space and 
design ambient conditions. If possible, a blower door should be used to depressurize the 
building to find leaks in the infiltration barrier. The air barrier system should have the 
following characteristics:

It should be continuous, with all joints made airtight•	
Air barrier materials used in frame walls should have an air permeability not to exceed •	
0.004 cfm/ft2 under a pressure differential of 0.3 in. water (1.57 lb/ft2) when tested in 
accordance with ASTM E 2178
The system should be able to withstand positive and negative combined design •	
wind, fan, and stack pressures on the envelope without damage or displacement, and 
should transfer the load to the structure; it should not displace adjacent materials 
under full load
It should be durable or maintainable•	
The air barrier material of an envelope assembly should be joined in an airtight and •	
flexible manner to the air barrier material of adjacent assemblies, allowing for the 
relative movement of these assemblies and components due to thermal and moisture 
variations, creep, and structural deflection
Connections should be made between•	

(a) foundation and walls
(b) walls and windows or doors
(c) different wall systems
(d) walls and roof
(e) walls and roof over unconditioned space
(f) walls, floor, and roof across construction, control, and expansion joints
(g) walls, floors, and roof to utility, pipe, and duct penetrations

All penetrations of the air barrier system and paths of air infiltration/exfiltration should •	
be made airtight

Vertical Fenestration

Vertical Fenestration Descriptions (Climate Zones: all)

Fenestration refers to the light-transmitting areas of a wall or roof, mainly windows 
and skylights, but also including glass doors, glass block walls, and translucent plastic pan-
els. Vertical fenestration includes sloped glazing if it has a slope equal to or more than 60° 
from the horizontal. If it slopes less than 60° from the horizontal, the fenestration falls in 
the skylight category. This means that clerestories, roof monitors, and other such fenestra-
tion fall in the vertical category.

The recommendations for vertical fenestration are listed in Chapter 3 by climate zone. 

Good Design
Practice
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To be useful and consistent, the U-factors for windows should be measured over the entire 
window assembly, not just the center of glass. Look for a label that denotes the window 
rating is certified by the National Fenestration Rating Council (NFRC). The selection of 
high-performance window products should be considered separately for each orientation of 
the building and for daylighting and viewing functions.

To meet the SHGC recommendations for vertical fenestration in Chapter 3, use the 
SHGC multipliers for permanent projections, as provided in Table 5.5.4.4.1 in ASHRAE 
Standard 90.1-2004. These multipliers allow for a higher SHGC for vertical fenestra-
tion with overhangs. For an overhang with a projection factor greater than 0.5, the rec-
ommended SHGC can be increased by 64%. For example, the recommended SHGC in 
climate zone 1 is 0.25. With an overhang with a projection factor of 0.5, an SHGC of 
0.4 is acceptable (see Figure 5.1). Using the SHGC multipliers for vertical fenestration 
with overhangs makes it easier to meet the high visible transmittance recommendations 
needed for daylighting (see DL5).

Fenestration to Gross Wall Area Ratio (Climate Zones: all)

The fenestration to gross wall area ratio (FWR) is the percentage resulting from 
dividing the total vertical fenestration area by the gross exterior wall area. The to-
tal vertical fenestration area includes both the view fenestration below 7 ft and the 
vertical daylighting fenestration (including vertical components of roof monitors and 
clerestories) above 7 ft. The total vertical fenestration area is the rough opening, i.e., 
it includes the frame, sash, and other nonglazed window components. The gross exte-
rior wall is measured horizontally from the exterior surface; it is measured vertically 
from the top of the floor to the bottom of the roof. The gross exterior wall area includes 
below-grade as well as above-grade walls.

The FWR over all the exterior gross wall area of the school should not exceed 
35%. A reduction in the view fenestration will also save energy, especially if glazing is 
significantly reduced on the east and west facades. The smallest glazed area should be 
designed in a way that is still consistent with needs for view, daylighting, and passive 
solar strategies.

Figure 5.1. Horizontal overhangs.
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window Design Guidelines for Thermal Conditions

Uncontrolled solar heat gain is a major cause of energy use for cooling in warmer climates 
and thermal discomfort for occupants. Appropriate configuration of windows according to the 
orientation of the wall on which they are placed can significantly reduce these problems. 

Unwanted Solar Heat Gain Is Most Effectively Controlled on the 
Outside of the Building (Climate Zones: all)

Significantly greater energy savings are realized when sun penetration is blocked 
before it enters the windows. Horizontal overhangs at the top of the windows are most 
effective for south-facing facades and must continue beyond the width of the windows 
to adequately shade them (see Figure 5.1). Vertical fins can be problematic in schools 
from the perspective of vandalism. Consider louvered or perforated sun control devices, 
especially in primarily overcast and colder climates, to prevent a totally dark appearance 
in those environments.

Operable Versus Fixed Windows (Climate Zones: all)

Operable windows offer the advantage of personal comfort control and beneficial connec-
tions to the environment. However, individual operation of the windows not in coordination with 
the HVAC system settings and requirements can have extreme impacts on the energy use of a 
building’s system. Advanced energy buildings with operable windows should strive for a high 
level of integration between envelope and HVAC system design. First, the envelope should be 
designed to take advantage of natural ventilation with well-placed operable openings. Second, 
the mechanical system should use interlocks on operable windows to ensure that the 
HVAC system responds by shutting down in the affected zone if the window is opened. 
The window interlock zones need to be designed to correspond as closely as possible to 
the HVAC zone affected by the open window. See HV32 for more information.

warm Climates 

Building Form and Window Orientation 
(Climate Zones:                      )

In warm climates, north- and south-facing glass can be more easily shielded and can 
result in less solar heat gain and glare than can east- and west-facing glass. During site se-
lection, preference should be given to sites that permit elongating the building in the east-
west direction and permit orienting more windows to the north and south. A good design 
strategy avoids areas of glass that do not contribute to the view from the building or to the 
daylighting of the space. If possible, configure the building to maximize north- and south-
facing walls and glass by elongating the floor plan. Since sun control devices are less ef-
fective on the east and west facades, the solar penetration through the east- and west-facing 
glazing should be minimized. This can be done by reducing the area of glazing or, if the 
glass is needed for view or egress, by reducing the SHGC. For buildings where a predomi-
nantly east-west exposure is unavoidable, more aggressive energy conservation measures 
will be required in other building components to achieve an overall 30% energy savings.

Glazing (Climate Zones:                      )

For north- and south-facing windows, select windows with a low SHGC and an appro-
priate visible light transmission (VLT) (see EN19). Certain window coatings, called selec-
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tive low-e, transmit the visible portions of the solar spectrum selectively, rejecting the non-
visible infrared sections. These glass and coating selections can provide a balance between 
VLT and solar heat gain. Window manufacturers market special “solar low-e” windows for 
warm climates. For buildings in warm climates that do not use a daylight design, north- and 
south-window glazings should be selected with an SHGC no higher than 0.35. East- and 
west-facing windows in warm climates should be selected for an SHGC no higher than 
0.25. All values are for the entire fenestration assembly in compliance with NFRC proce-
dures and are not simply center-of-glass values. For warm climates, a low SHGC is much 
more important for low energy use than the window assembly U-factor. Windows with low 
SHGC values will tend to have a low center-of-glass U-factor because they are designed to 
reduce the conduction of the solar heat gain absorbed on the outer layer of glass through to 
the inside of the window. (See also EN19 and DL5.)

Obstructions and Planting (Climate Zones: all)

Adjacent buildings, trees, shrubs, or other plantings effectively shade glass on south, 
east, and west facades. For south-facing windows, remember that the sun is higher in the 
sky during the summer, so shading plants should be located high above the windows to ef-
fectively shade the glass. Also, be careful to not block south light that is being counted on 
for daylighting. The glazing of fully shaded windows can be selected with higher SHGC 
ratings without increasing energy use. The solar reflections from adjacent buildings with 
reflective surfaces (metal, windows, or, especially, reflective curtain walls) should be con-
sidered in the design. Such reflections may modify shading strategies, especially on the 
north facade.

Cold Climates 

Window Orientation (Climate Zones:                         )

Only the south glass receives much sunlight during the cold winter months. If possible, 
maximize south-facing windows by elongating the floor plan in the east-west direction and 
relocate windows to the south face. By facing the glazing south and placing it vertically, it is 
easy to implement overhangs and simple sun control devices that allow for passive heating 
when desired but prevent unwanted glare and solar overheating in the warmer months. Glass 
facing east and west should be significantly limited. Areas of glazing facing north should be 
optimized for daylighting and view. During site selection, preference should be given to sites 
that permit elongating the building in the east-west direction and permit orienting more win-
dows to the south. 

Passive Solar (Climate Zones:                      )

Passive solar energy saving strategies should be limited to non-classrooms or office 
spaces, such as lobbies and circulation areas, unless those strategies are designed so that the 
occupants are not affected by direct beam radiation. To use passive solar heating in class-
rooms, the solar radiation must be diffused as it enters into the classrooms. Consider light-
colored blinds, blinds within the fenestration, light shelves, or diffusing films to control 
solar heat gain. In spaces where glare is not an issue, the usefulness of the solar heat gain 
collected by these windows can be increased by using hard, massive, and dark-color floor 
surfaces such as tile or concrete in the locations where the transmitted sunlight will fall. 
These floor surfaces absorb the transmitted solar heat gain and release it slowly over time 
to provide a more gradual heating of the structure. Consider higher SHGC, low-e glazing 
with optimally designed exterior overhangs. 
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Glazing (Climate Zones:                 )

Higher SHGCs are allowed in colder regions, but continuous horizontal overhangs are 
still necessary to block the high summer sun angles. 

LIGHTING

Energy-efficient lighting systems in schools can be designed with or without day-
lighting. There are many daylighted options, but this Guide provides guidance on three 
classroom options, one gymnasium daylighted option, and one non-daylighted option. The 
daylighted options are as follows:

Classroom with sidelighting•	
Classroom with toplighting•	
Classroom with sidelighting and toplighting•	
Gym with toplighting•	

Electric Lighting

Light-Colored Interior Finishes (Climate Zones: all)

For electrical lighting to be used efficiently, spaces must have light-colored finishes. 
Ceiling reflectance should be at least 70% (preferably 80% to 90%), which in general 
means using smooth white acoustical tile or ceiling paint. The average reflectance of the 
walls should be at least 50%, which in general means using light tints or off-whites for 
the wall surface, as the lower reflectance of doors, tack surfaces, and other objects on 
the walls will reduce the average. Floor surfaces should be at least 20%, for which there 
are many suitable surfaces. In addition, take the shape and finish of the ceiling into ac-
count. A flat painted or acoustical tile ceiling is the most efficient; sloping ceilings and 
exposed roof structures, even if painted white, may significantly reduce the effective 
ceiling reflectivity. Lighting systems with indirect components are recommended, but if 
the ceiling cavity includes exposed structures or exposed ductwork, a higher percentage 
of downlight may be required. Make sure the ceiling and all components are painted a 
high-reflectance white. 

Linear Fluorescent Lamps and Ballasts (Climate Zones: all)

T8 lamps and electronic ballasts are the standard commercial fluorescent lighting sys-
tem in the United States. The light-source efficacy and LPD requirements in Chapter 3 can 
be achieved as long as the more efficient versions of T8 lamps and ballasts are used.

To evaluate the efficacy (lumens per watt) of a lighting system, the mean lamp lu-
mens in typical manufacturers’ catalogs are divided by the ballast’s rated input power. In 
these catalogs, the mean lumens are lower than the initial lumens. Mean lumens represent 
the average light output of the lamp over its rated life, which better characterize actual 
performance. See Table 5.2.

Also, the mean lumens vary according to color temperature and between standard 
series (SP) and premium series (SPX) lamps. Low-mercury fluorescent lamps are avail-
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able from the major lamp manufacturers and have become the standard for sustainable 
design projects. Among low-mercury 32-W T8 lamps, there are several choices, as shown 
in Table 5.4.

The color rendering index (CRI) is a scale measurement identifying a lamp’s ability, 
generally, to adequately reveal color characteristics. The scale maximizes at 100, which 
indicates the best color-rendering capability. Lamps specified for ambient lighting should 
have a CRI of 80 or greater to allow the occupants to effectively examine the color charac-
teristics. As shown in Table 5.3, standard T8 lamps are available with lower CRI values than 
recommended, which may compromise the lighting solution.

Next, select the ballast. This is not trivial, as there are several choices:

Standard “generic” instant start electronic ballasts.•	  The most common and least 
expensive ballast; the typical input power for a two-lamp normal light level (0.87 
ballast factor [BF]) is about 59 W. If you do not specify the ballast, this is what you 
will receive.
Low light level version of standard ballasts.•	  Similar to the standard ballast, this ver-
sion operates at 0.78 BF and has input power of about 54 W for a two-lamp ballast. 
The resulting light level is about 10% less than the standard ballast, but the watts are 
10% lower.
High light level version of standard ballasts.•	  Similar to the standard ballast, this ver-
sion operates at 1.15–1.20 BF and has input power of 74–78 W for a two-lamp ballast. 
The resulting light level is about 32% higher than the standard ballast, but the watts 
are 32% higher.
Program start ballasts.•	  Available in low power and normal power models, program 
start ballasts use an additional watt per lamp to perform programmed starting, which 
makes lamps last longer when frequently switched.

Table 5.2. Typical T8 Lamp Catalog Data

T8 Lamp Description
Lumens Color Temp,

KInitial Mean
F32t8/SP30/ECO 2800 2660 3000

F32t8/SP35/ECO 2800 2660 3500

F32t8/SP41/ECO 2800 2660 4100

F32t8/SP50/ECO 2750 2610 5000

F32t8/SP65/ECO 2700 2565 6500

F32t8/SPX30/ECO 2950 2800 3000

F32t8/SPX35/ECO 2950 2800 3500

F32t8/SPX41/ECO 2950 2800 4100

F32t8/SPX50/ECO 2800 2660 5000

Table 5.3. Low Mercury T8 Lamps Showing CRI and Lumen Variations

Lamp General Description Minimum CRI Mean Lumens
Standard Generic F32t8 Low Mercury 75 2520

Efficient Standard F32t8 Low Mercury 78 2610

Premium Standard F32t8 Low Mercury 82 2710

Efficient Premium F32t8 Low Mercury 82 2850

High Efficiency F32t8 Low Mercury 82 2945



Table 5.4. Efficacy Values for Different Lamp/Ballast Combinations

Ballasts

Lamps

F32T8
Generic 

Standard

F32T8 
 Efficient 
Standard

F32T8 
 Premium 
Standard

F32T8 
 Efficient 
Premium

F32T8 
 High Efficiency

Generic Standard Instant Start (59 W, 0.87 BF) 74 77 80 84 87

Low Light Level Instant Start (54 W, 0.78 BF) 73 75 78 82 85

High Light Level Instant Start (74 W, 1.15 BF) 78 81 84 89 92

Program Start (61 W, 0.87 BF) 72 74 77 81 84

Low Light Level Program Start (56 W, 0.78 BF) 70 73 75 79 82

Dimming Rapid Start (64 W max, 0.88 BF max) 69 72 75 78 81

Efficient Instant Start Normal Light 
Level (54 W, 0.87 BF)

81 84 87 92 95

Efficient Instant Start Low Light Level (48 W, 0.78) 82 85 88 93 96

Efficient Instant Start High Light 
Level (70 W, 1.15 BF)

83 86 89 94 97

Efficient Dimming (58 W, 0.87 BF max) 76 78 81 86 88

Does not meet 
efficacy criteria

Meets 75 MLPW 
efficacy criteria

Meets 75 and 85 
MLPW efficacy
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Dimming ballasts.•	  Dimming ballasts are also rapid start, which is less efficient than ei-
ther instant or programmed starting. At 0.87 BF, most dimming ballasts require 62–64 
W for two lamps. The added power is used to add extra heat to the lamp cathodes to 
permit proper dimming operation.
High-efficiency versions of all of the above.•	  Efficient electronic ballasts are now avail-
able for almost every type listed above. Better electronics require 1–3 fewer watts per 
lamp to deliver similar performance, but they cost more and are less common.

To determine the system efficacy, multiply the lamp mean lumens by the number of 
lamps and the BF, then divide by the ballast input watts. For example, using two standard 
generic lamps and a generic two-lamp ballast, the system efficacy is as follows:

Table 5.4 shows combinations of various lamps and ballasts (with two lamp ballasts; 
values for one-, three-, and four-lamp ballasts will be slightly different). Use this table to 
select T8 lamps and ballasts to meet the LPD and efficacy recommendations of Chapter 3. 
Low-wattage (“energy-saving”) T8 lamps may also be considered, but may result in lower 
ambient light levels or an increased number of fixtures or lamps to achieve recommended 
light levels. Because they cannot be dimmed and have other limitations, these lower watt-
age lamps are not recommended for new construction. 

Fluorescent T5 Sources (Climate Zones: all)

As an alternative to T8 lamps, T5HO and T5 lamps may also be used. Standard T5 
lamps offer at least 85 MLPW with any ballast (their actual rating is greater than 90). T5HO 

2 lamps × 2520 mean lumens × 0.87 ballast factor 
          59 Watts

= 74.3 MLPW
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lamps offer at least 75 MLPW on any ballast, including dimming ballasts, but because of 
their high output, they offer superior overall performance in several key applications.

Other than size, the key difference between T5 and T8 lamps involves performance at 
rated temperature. T5 lamps reach peak light output and efficacy when surrounding air is 
35°C (about 95°F) compared to 25°C (77°F) for T8 lamps. In other words, T8 lamps are 
better suited for suspended classroom lighting systems; T5 and T5HO lamps are better 
suited for enclosed luminaires and for luminaires in tall spaces, such as gyms. 

An advantage of T5s is reduced use of natural resources (glass, metal, phosphors) in 
the lamp, plus the ability to use smaller luminaires than comparable T8 systems. However, 
because of their smaller size, the brightness of T5 and T5HO lamps is significantly higher 
than that of T8 lamps and may be a concern in open luminaires. 

Compact Fluorescent (Climate Zones: all)

To achieve the LPD recommendations in Chapter 3, compact fluorescent lamps (CFLs) 
can be used for a variety of applications, such as utility lighting, downlighting, and wall-
washing. Suitable lamps include twin tube, multiple twin tube, twist tube, and long twin 
tube lamps. Only pin-based CFLs are included in this group, since a screw-based lamp can 
be replaced with an incandescent lamp and is therefore not compliant with most energy 
codes. Suitable luminaires have integral hard-wired electronic ballasts.

Because the efficacy of CFLs is only 30–60 MLPW, they should not be used for gen-
eral lighting in most space types. To meet the efficacy requirements of this Guide, some 
CFL-and-ballast combinations must be avoided (see Table 5.5).

Metal Halide (Climate Zones: all)

To achieve the LPD recommendations in Chapter 3, metal halide lamps may be 
used for general lighting in large spaces, outdoor lighting, and for accent lighting and 
wall-washing in low wattages. In the metal halide family, there are two primary types: 
ceramic metal halide (CMH) lamps and quartz metal halide (QMH) lamps. Both types 

EL5
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Table 5.5. System Efficacy of CFL-Ballast Systems

Lamp Type Magnetic Ballast and Pre-Heat Lamp 
(2 Pin Lamps with Integral Starters)

Electronic Ballast (4 Pin Lamp)
(Program Start Except † Instant Start)

5–13 W twin tube All < 50 52–57 (13 W only)

10–26 W Double twin tube All < 50
 13 W    57†
18 W    52
26 W    53

13–42 Watt triple and 
Quad twin tube and Most 
twist tube Lamps

N/A

  13 W    53†
18 W    53
26 W    55
32 W    51
42 W    57

2D 28 W < 50 28 W    63

Long twin tube

18 W < 50
24/27 W < 50
36/39 W < 50

18 W    46

40 W  53
24/27 W    61
36/39 W    64
40 W              60

Does not meet 
efficacy criteria

Meets 50 MLPW 
efficacy criteria for 
utility and special
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are high-intensity discharge lamps in which intense light energy is generated inside an 
arc tube made either of ceramic or quartz glass. The two types are comparably efficient. 
CMH lamps have very good color in the warm (3000 K) and neutral (4000 K) ranges; 
QMH lamps’ color rendering quality is mediocre except in high color temperature lamps 
(5000 K and above).

Metal halide lamps may be further distributed into low-wattage (150 W and lower) 
and high-wattage (higher than 150 watts). All low-wattage lamps are “pulse start” and can 
be operated on either magnetic ballasts or more efficient electronic ballasts. High-wattage 
lamps are available in both probe start (less efficient) and pulse start (more efficient). Just 
recently, electronic ballasts have become practical for indoor use of pulse start metal ha-
lide; most ballasts for high-wattage lamps are magnetic.

With metal halide lamps, their apparent high efficacy is often undone by their high rate 
of lumen depreciation. Probe start metal halide lamps operated on magnetic ballasts will 
lose more than 45% of their rated lumen output over life; with pulse start lamps, the losses 
are at least 35% on magnetic ballasts but can be reduced to only about 20% by using elec-
tronic ballasts. Because MLPW take lumen depreciation into account, the type of ballast 
plays a significant role in system efficacy. As a result, a number of lamps and ballasts do not 
meet the efficacy criteria, as shown in Table 5.6 (not a comprehensive list).

Note: 

Metal halide lamps require a warm-up time and restrike time of up to 15 minutes if •	
turned off during operations. Therefore, a supplemental emergency source is required 
that will provide light during the restrike time. 
Color consistency in appearance (color temperature) may be a problem, as QMH lamps •	
age, especially if used in an indirect luminaire.

Occupancy Sensors (Climate Zones: all)

Use occupancy sensors in all classrooms, offices, mechanical rooms, restrooms, and special-
use spaces like music practice rooms. The greatest energy savings are achieved with manual on/
automatic off occupancy sensors if daylight is present. This avoids unnecessary operation when 

Table 5.6. System Efficacy for Metal Halide Lamp-Ballast Systems

Lamp Type Magnetic Ballast Electronic Ballast (Minimum 
 Efficacy, Some Ballasts Will Be Higher)

35/39-Watt CMH Pulse start only 43 53

50-Watt QMH Pulse start only 33 40

70-Watt CMH Pulse start only 45 51

100-Watt CMH Pulse start only 51 60

150-Watt CMH Pulse start only 59 67

175-Watt QMH
Probe start 41 NA

Pulse start 62 66

400-Watt QMH
Probe start 51 NA

Pulse Start 71 75

400-Watt CMH Pulse Start 72 76

Does not meet 
efficacy criteria

Meets 50 MLPW 
efficacy criteria for uility 

Meets 75 and 85 
MLPW efficacy
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electric lights are not needed and greatly reduces the frequency of switching. In non-daylighted 
areas, ceiling-mounted occupancy sensors are preferred. In every application, the occupant should 
not be able to override the automatic off setting, even if it is set for manual on. Unless otherwise 
recommended, factory-set occupancy sensors should be set for medium to high sensitivity and a 
15-minute time delay (the optimum time to achieve energy savings without excessive loss of lamp 
life). Review the manufacturer’s data for proper placement and coverage.

The two primary types of occupancy sensors are passive infrared (PIR) and ul-
trasonic. PIR sensors can see only in a line-of-sight and should not be used in rooms 
where the user cannot see the sensor (e.g., storage areas with multiple aisles, restrooms 
with stalls). Ultrasonic sensors can be disrupted by high airflow and should not be used 
near air duct outlets. Dual-mode sensors that combine PIR with another technology, 
such as ultrasound or audible noise, should be considered for problem areas. The best 
solutions use both technologies.

Note: 

Motion sensors should not be used with high-intensity discharge (HID) lamps because •	
of warm-up and restrike times. 
Fluorescent lamps and CFLs should use program start ballasts if short •	 on/off cycles 
are expected. 
In classrooms, consider a timer bypass for the motion sensor to prevent lights flashing •	
when only the teacher is present and working quietly.

Exit Signs (Climate Zones: all)

Use LED exit signs or other sources that use no more than 5 W per face. The selected exit sign 
and source should provide the proper luminance to meet all building and fire code requirements.

Circuiting and Switching (Climate Zones: all)

In addition to the customary general lighting of classrooms, lighting and controls must 
now take into account the requirements of video images. For cost and other practical rea-
sons, most classrooms will use a low-cost video projector connected to a personal com-
puter, laptop, DVD, cable, or VCR. Teachers will use a combination of video and computer-
generated images, ranging from slide presentations to recorded programs and streaming 
Internet, to teach classes at all levels. New schools should be designed with the anticipation 
of substantial daily classroom time with the lights dimmed and video replacing the white-
board as the principal teaching medium.

This creates two substantially different “scenes”:

A “bright” scene in which classic qualities of classroom lighting and daylighting are •	
appropriate. Light levels of 30–70 footcandles at every point, reasonably even surface 
brightness, and a cheerful feeling are the result of this type of design. 
An audiovisual (AV) scene in which the electric lighting and daylighting are controlled •	
to limit the ambient light on the screen to less than 7–15 footcandles. This permits the 
average inexpensive projector to achieve at least 10:1 image contrast on an ordinary 
pull-down screen when it is properly sized for the room. Darkened ceilings and upper 
walls are essential, and daylighting must be controlled or eliminated. Use of darkening 
shades is generally recommended.

There are many ways to do this, but the challenge is to make the resulting situation as 
foolproof as possible. In particular, this involves the potential conflict between daylighting 
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and the darkened AV scheme. There is the distinct chance that once shades are put in place 
for AV, they will be left there all day, effectively preventing daylighting. The preferred so-
lution is to educate teachers about the importance of daylighting. An alternative and more 
foolproof solution is to use electrically operated shades that automatically retract when 
lights are turned on for the bright scene; unfortunately, this is considered too expensive for 
most projects. Another approach, designing the room for AV concurrent with daylighting, 
is very difficult to do and forces some very specific architectural decisions that some proj-
ects cannot include. 

The California Public Interest Energy Research (PIER)   research project addressed 
this situation and contains a number of reports and research data. For more information, 
see “Project 4.5: Integrated Classroom Lighting Systems—Goals and Objectives in the Ad-
vanced Lighting Luminaires and Systems Project Descriptions” at http://www.archenergy.
com/lrp/index.htm.

For most other spaces in an education facility, the controls for switching and dimming 
of the lighting system should not be readily accessible. The controls should be located in a 
supervised location or one that is accessible by the building staff only. General use spaces, 
such as corridors, should be controlled by a time of day scheduling system and may be 
integrated with daylight harvesting. For gymnasiums and multipurpose rooms, consider 
a modern preset dimming or control system, especially if touch-screen control and other 
modern AV interfaces are planned.

For assembly spaces, the room needs to be equipped with an emergency lighting sys-
tem that can produce at least one footcandle, on average, along the path of egress. In gener-
al, the best way to do this is to power some of the lighting from an emergency source, which 
must be either an emergency generator or a battery backup system that can provide egress 
lighting for at least 90 minutes. The controls must be designed such that, if a power emer-
gency occurs, the proper lights are illuminated regardless of setting. This often requires the 
use of automatic transfer relay or other mechanism that bypasses room controls during a 
power emergency. Transfer relays must be listed for use in emergency circuits.

Electrical Lighting Design for Schools (Climate Zones: all)

The 1.1 W/ft2 LPD (shown in the recommendation tables in Chapter 3) for the non-
daylighted options in climate zones 1, 2, and 5–8 represents an average LPD for the entire 
building. Individual spaces may have higher power densities if they are offset by lower 
power densities in other areas.

In climate zones 3 and 4, the recommended LPD is 0.9 W/ft2. In these zones, the lighting 
load is a higher percentage of total energy use caused by smaller heating and cooling loads and 
must be reduced further to meet the whole building savings of 30%. The lighting savings for the 
non-daylighted option result from the higher performance electrical lighting system.

The daylighted options use a slightly higher LPD of 1.2 W/ft2, as shown in Chapter 3. 
The increased LPD is recommended for the daylighted options because the lighting 
savings result from the lights dimming or turning off from the daylight rather than an 
aggressive lighting power reduction. 

Classroom Lighting (Climate Zones: all)

Classrooms are typically designed for a single lighting scene in which conventional 
classroom lighting levels are maintained, and the lights are turned off for AV uses. However, 
classroom lighting design is changing rapidly because of computers and the Internet. The 
approach addressed in this Guide is to design classrooms with two lighting scenes: one for 
general lighting and one where stray lighting is controlled to permit maximum AV screen 
contrast. This approach specifically addresses classrooms where advanced teaching tech-

EL10



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

nologies (computers, video, computer projection, etc.) are to be used, but is appropriate for 
all classroom types.

For best results, provide a flat, white acoustical tile or gypsum board ceiling at 
least 9 ft 6 in. above the finished floor with a direct/indirect suspended lighting system. 
By using a classroom lighting system designed for this application, including energy-
efficient ballasts and controls (see EL2), the lighting system can operate at an LPD 
lower than 1.0 W/ft2, including supplemental whiteboard lighting. Choosing among the 
many options includes consideration of the grade level, teaching technology, budget, 
and whiteboard relevance.

Classroom lighting can be accomplished by using luminaries with indirect distribution, 
direct distribution, or a combination of both. These options include the following:

Direct•	 , in which all of the light is radiated downward. Direct lighting systems tend to 
have high efficiency but produce light of fair-to-poor visual comfort. Uniformity and 
shadowing problems can also result from direct lighting. 
Indirect•	 , in which all the light is radiated upward, and, in turn, reflected downward 
by the ceiling. Indirect lighting systems are generally less efficient than direct 
lighting systems but usually produce light of superior quality, visual comfort, and 
uniformity.
Direct-indirect•	 , in which approximately equal (40%–60% to 60%–40%) amounts of 
light are radiated downward and upward. In general, direct/indirect lighting is used to 
provide comfortable but efficient illumination in spaces of medium room cavity ratios 
such as libraries and offices.
Semi-indirect•	 , in which a modest amount of light is directed downward (10%–40%) 
and a larger amount of light is directed upward (60%–90%). In general, semi-indirect 
lighting is used in large spaces, such as open office areas and classrooms, to provide 
comfortable lighting with relatively high efficiency.
Semi-direct•	 , in which a modest amount of light is directed upward (10%–40%) and 
a larger amount of light is directed downward (60%–90%). In general, semi-direct 
lighting is used in spaces with very high ceilings, low-reflectance ceiling surfaces, and 
open structures that result in poor ceiling cavity reflectance.

Lack of visual comfort has been identified as a major complaint of almost all direct 
lighting systems. The principal cause of discomfort is the contrast between a very bright lu-
minaire and a comparatively dark adjacent ceiling. There is no way that a direct luminaire, 
including the so-called “recessed indirect” basket luminaires, can produce indirect light 
onto the ceiling to reduce this contrast. Totally indirect luminaries do provide a soft, glare-
free lighting quality, but do not provide three-dimensional modeling and sparkle for visual 
interest. Therefore, suspended luminaries that provide a combination of indirect and direct 
distribution should generally be used. Low ceiling applications would be the exception. 

Current products offer a wide range of quality, performance, and appearance. For proj-
ects on tight budgets, formed steel indirect luminaires are sufficiently inexpensive and 
efficient to compete with parabolics and many other types of lay-in direct lighting. For 
projects with slightly higher budgets, designers can choose from a variety of attractive, 
high-performance lighting systems. 

These lighting systems are typically suspended 15–18 in. from the ceiling, depend-
ing on the specific luminaire. If the ceiling is not at least 9 ft 6 in., special consideration 
should be made.

Pendant indirect or direct/indirect lighting systems are particularly well suited for in-
tegration with daylight systems, since both approaches require higher ceilings and second-
ary reflective surfaces. In daylighted rooms, pendant systems should be run parallel to the 
primary windows or daylight source so they can be switched or dimmed in response to day-
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light gradients. In a classroom, three rows of pendants will allow a more gradual response 
to daylight than two rows. Daylight controls can then switch or dim each row separately. 
This would be the preferred choice if the budget allows.

For classrooms in which advanced teaching technologies, such as video and computer pro-
jection are to be used, the lighting system should provide two scenes, one for general lighting 
and one in which stray light is controlled to permit maximum screen contrast. This approach 
may also be used for all classroom types and is valid in primary classrooms where the ability to 
create a darkened room, such as for student calming and story time, is desired. Pendant lumi-
naires equipped with optical controls or dimming ballasts allow relatively precise low-light level 
settings. The general lighting system should not exceed 1.1 W/ft2, and the highly controlled 
lighting system should use less, with switching to prevent simultaneous use. 

This system lends itself to three principal control scenes, as follows:

Night, general lighting scene.•	  All general lighting system lamps on.
Daytime, general lighting scene.•	  General lighting system lamps affected by available 
daylight, either switching or dimming. Switched daylighting scenes can be created by 
switching luminaire rows or rows of lamps.
Any time, low-level scene.•	  General 
lighting lamps off, controlled down-
light lamps on or on with manual 
dimming controls. In a single lamp 
direct/indirect system, dimming to 
low level with extinguishing of lu-
minaire closest to the screen is en-
couraged.

Acceptable performance can also be 
achieved with a direct/indirect luminaire 
with dimming, provided that the closest 
row of luminaires to the screen is switched 
off in the AV mode. 

The key to achieving a suitable de-
sign is to reduce the ambient light level 
on the projection screen to 7–15 vertical 
footcandles or less. Some daylighting sys-
tems will create too much vertical illumi-
nation, so the ability to darken the room 
with shades is critical. However, even at 
night, a generic indirect lighting system 
tends to produce relatively high levels of 
vertical illumination. Simply switching 
off the lights in the front half of the room 
fails to reduce light levels on the screen 
enough—typically there will still be 6 
to10 footcandles of vertical illumination 
on the screen in this condition—so with 
the exception of very low budget projects 
in which screens are a minor consider-
ation, this guideline should be followed.

As the use of the teaching board 
evolves, it remains an important part 
of education at all levels. Studies have 

Figure 5.2. Recommended lighting 
system with (top) and without (bottom) 
whiteboard light.
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shown a correlation between illumination of the teaching surface and retention of informa-
tion. Researchers at the University of Illinois, Urbana, in studying the modern (2003) inte-
grated classroom environment, determined that “attractors” aided in the learning process 
and “detractors” had the opposite effect. If the teaching board is used, additional lighting—
with either normal lighting or in a dimmed setting for the rest of the room—serves as a 
significant “attractor.” Energy use is about the same, but the slightly more expensive system 
with board light (see Figure 5.2) is recommended for improved student attention with board 
activities. 

To coordinate with a ceiling-mounted computer video projector, two rows of luminaires 
are recommended for classrooms up to about 30 ft wide, as shown in Figure 5.2. (For larger 
classrooms, consider these principles and make the necessary adjustments.) 

Note:
Low Ceiling Solutions.•	  If the ceiling is lower than 9 ft and suspended fixtures may be accessible 
to students, recessed lighting “troffers” should be considered. The most efficient recessed light-
ing systems use T5 lamps with special lenses and reflectors to minimize glare (see Figure 5.3). 
Troffers are more efficient than pendant lighting systems, but produce light that is less 
comfortable and makes AV integration more difficult. The use of stepped or full dim-
ming ballasts is recommended, and for better AV integration, switch the back of the room 
separately from the front. 

Figure 5.3. Classroom lighting design.
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Gym Lighting (Climate Zones: all)

Most school gyms are simple, high- bay structures with open trusses or bar joists. Whenev-
er possible, a combination of daylighting and electric lighting is desirable, but for many reasons 
electric lighting will be the principal design solution.

Daylighting design is especially well suited to the high ceilings and large open space 
of gymnasiums. Skylights over the center of the playing area, just like downlights, are 
preferred. Wall wash toplighting or high sidelighting with light shelves or louvers can be 
effective techniques for gyms, but care must be used to prevent very bright surfaces. Direct 
sun penetration into gyms should be prevented at all times. See DL36 and DL37 for further 
gym/multipurpose daylighting guidance. 

For electric lighting, high bay luminaires are easily attached to the structure, with the lu-
minaires suspended within the “truss space,” such that the bottom of the luminaire is flush with 
the lowest beam or truss member. In the rare instance where the gym has a finished ceiling, 
recessed lighting might be considered, but basic high bay lighting systems are by far the most 
common approach. The height of the gym space’s ceiling plays a major role in choosing gym 
lighting systems. Most gyms will have a room cavity ratio (RCR) of about 2.5. By comparing 
the coefficient of utilization (CU) of luminaires being considered, an efficient lighting system 
can be selected. For most gyms, luminaires with spacing to mounting height of less than 1.4 is 
appropriate. 

Fluorescent systems that use multiple T5HO or T8 lamps are preferred for ordinary 
gyms and other high ceiling spaces. Superior color, elimination of flicker, and the ability to 
turn lights on and off as needed are major advantages over HID systems. The added cost of 
the fluorescent system is offset by much lower energy use, estimated to be as much as 50% 
less if the multiple light level capability of a fluorescent system is used. Systems that use 
multiple CFLs also provide these benefits, although without the high efficacy of the linear 
fluorescent lamps.

In general, metal halide high bay lighting systems tend to be more appropriate when ceil-
ings are especially tall, such as in a field house. Long lamp life and a minimum number of lu-
minaires keep costs down. The color of metal halide is suitable for television and everyday use. 
The long warm-up and restrike periods of metal halide lighting are drawbacks, since switching 
lights off regularly is not recommended for these systems. Be certain to use pulse-start lamps. 
These systems are compatible with daylighted gyms if they have switched lighting levels.

A separate downlight system that uses halogen lamps is highly recommended for 
two reasons:

It is an instant-•	 on, instant-off system that can be dimmed inexpensively. This feature 
is especially important if metal halide lights are accidentally extinguished, as they will 
require a 5–10-minute cool-off and restrike delay.
A dimmable tungsten downlighting system can make the gym more appealing for social •	
events, and can serve as a “house” lighting system for many of the gym’s performance 
and entertainment uses. 

Note:

Lighting quality is a crucial issue in gym spaces. Avoiding direct view of an extra •	
bright light source, such as a metal halide lamp, high output lamp, or skylight, can 
be especially critical in a gymnasium where athletes must scan for the ball and react 
quickly. Even though a luminaire may normally be out of the line of sight, it can still 
create a devastating glare to a volleyball or basketball player.
Choose luminaires with shields to protect lamps from inadvertent damage by sports •	
equipment.

EL11
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As a place of assembly, the room needs to be equipped with an emergency lighting •	
system that can produce at least one footcandle, on average, along the path of egress. 
In general, the best way to do this is to power some of the lighting from an emergency 
source, which must be either an emergency generator or a battery backup system that 
can provide egress lighting for at least 90 minutes. 
The controls must be designed such that, if a power emergency occurs, the proper •	
lights are illuminated regardless of setting. This often requires an automatic trans-
fer relay or other mechanism that bypasses room controls during a power emergency. 
Transfer relays must be listed for use in emergency circuits.
Switching and dimming of the lighting system should •	 not be readily accessible. Locate 
controls in a supervised location.
Consider a modern preset dimming or control system, especially if touch-screen con-•	
trol and other modern AV interfaces are planned. Typical gym lighting systems and 
patterns are shown in Table 5.7 and Figure 5.4.

Lighting for a Multipurpose Room (Climate Zones: all)

Because multipurpose rooms often serve as cafeterias, study halls, social gathering 
spots, special event spaces, community meeting halls, and AV facilities, the lighting and 
controls must provide proper operation for every intended use of the room. 

Multipurpose rooms can be successfully daylighted, either from high clerestories or 
toplighting approaches. However, near-blackout capability for the daylight system is prob-
ably most important in this type of space, so operable louvers or blinds are highly recom-
mended. If the daylight system can be reduced to a minimum of 1–3 footcandles, most 
reduced light functions, including stage performances, can operate effectively. A small 
amount of sunlight can be a cheerful presence in a multipurpose room used as a cafeteria, 
as long as it can be blocked when needed. See DL36 and DL37 for further multipurpose 
room daylighting guidance. 

At a minimum, a multipurpose room should have at least two independent lighting 
systems:

A general lighting system that provides 20–30 footcandles of uniform illumination •	
with standard T8 lamps
A dimmable “house lighting” system that supports AV and social uses of the room, •	
producing no more than five footcandles

EL12

Table 5.7. Gym Lighting Systems

Applications Lighting Systems Lamp Watts 
 (Fixture Input Watts)

Spacing Area 
(Approx Grid) Notes

PAttERN 1
HID Lighting

CMH or QMH metal halide lamp 
with proper electronic ballast
Note: high frequency electronic for 
QMH and low frequency 
electronic for CMH

250 (275)
320 (345)
350 (370)
400 (425)

306 (17 ft × 18 ft)
383 (19 ft × 20 ft)
411 (20 ft 6 in. × 20 ft)
472 (21 ft 6 in. × 22 ft)

Mounting height at least 
20 ft AFF. Set lamp height 
for proper spacing 
criterion (<1.1 W/ft2)

PAttERN 2
High Bay 
Fluorescent 
t5HO

t5HO with high bay reflector system 
and ballast designed 
for at least 60°C ambient 
temperature and 80°C case 
temperature in a properly 
designed luminaire with spacing 
criterion of <1.3

(4) t5HO with BF = 1.0 
IS ballast (226 W)
(6) t5HO with BF = 
1.05 IS ballast (344 W)

251 (16 × 15 ft, 9 in.)
382 (19 × 20 ft)

Mounting height at least 
20 ft AFF 
Choose reflector for 
proper spacing criterion 
(<1.1 W/ft2)
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Figure 5.4. Gym lighting patterns.
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In addition, theatrical lighting may be added to illuminate specific stage or per-
formance locations. The lighting used for performance only is exempt from the LPD 
recommendations. 

For the general lighting system, consider one of the types previously suggested for 
classroom lighting. If suspended luminaires are chosen, be careful to locate luminaries so 
as not to interfere with AV and other uses of the room. If the room use includes any sports 
or games, all lighting systems should be protected from damage. 

For the house lighting system, consider recessed or surface downlights. Halogen light-
ing is recommended for its superior color, inexpensive dimming, and good light control. 
Luminaires should use standard infrared (IR) halogen parabolic aluminized reflector (PAR) 
lamps or T6 lamps. The lighting beam patterns should overlap at head height to provide 
excellent uniformity for a variety of functions. Black baffles or cone trims are recom-
mended for AV applications. The house lighting system should be laid out to prevent light 
from striking walls or screens. Some general lighting systems might also serve as the house 
lighting system if properly laid out and equipped with electronic dimming ballasts, but 
most general lighting systems generate too much diffuse light, even when dimmed, for AV 
use and some social functions. 

In general, two separate lighting systems, with one being a dimmed halogen system, is 
the most cost-effective. A single fluorescent lighting system with dimming system is usu-
ally more costly and less flexible.

A control system that activates the general lighting system according to a calendar 
program and employs motion sensing for off hours should be used. Rooms with plenti-
ful daylight should have automatic daylight switching or dimming to reduce electric 
lighting by day. A manual override switch should be provided. Manual dimming of the 
house lighting system should be provided along with an interlock switch preventing si-
multaneous operation of both general and house lighting. Consider placing the lighting 
in zones that have individual manual override switches to permit an unoccupied zone to 
be deactivated.

Figure 5.5 shows a typical multipurpose room with two lighting schemes. Fig-
ure 5.5a shows pendant-mounted luminaries, and Figure 5.5b shows recessed trof-
fers. Both schemes have a separate system of downlights to serve as “house” lights 
for social and AV use.

Note:

As a place of assembly, the room needs to be equipped with an emergency lighting sys-•	
tem that can produce at least one footcandle, on average, along the path of egress. 
The controls must be designed such that, if a power emergency occurs, the proper •	
lights are illuminated regardless of setting. This often requires use of automatic trans-
fer relay or other mechanism that bypasses room controls during a power emergency. 
Transfer relays must be listed for use in emergency circuits.
Switching and dimming of the lighting system should •	 not be readily accessible. Lo-
cate controls in a supervised location.
Consider a modern preset dimming or control system, especially if touch-screen •	
control and other modern audio/video interfaces are planned.

Lighting for a Library or Media Center (Climate Zones: all)

The library or media center is a multipurpose space with a variety of tasks; there-
fore, it is an excellent space to consider a task ambient lighting system. Daylight is an 
excellent choice for providing basic ambient light in a library. Reading areas and story-
telling niches especially benefit from gentle daylight and view windows. With thoughtful 
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Figure 5.5. (a) Multipurpose room indirect/direct lighting option and (b) multipurpose room direct 
lighting option.

(a)

(b)



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

daylight design, only the task lighting at checkout desks or stack areas needs to be on 
during the day. In addition, these can be connected to occupancy sensors to reduce their 
hours of operation.

Provide lighting for a library as follows:

A lighting system with standard T8 lamps that provide 20–50 footcandles of general •	
illumination in casual reading, circulation, and seating areas
Overhead task lighting at locations such as conventional card files and circulation •	
desks; in libraries where these tasks have been computerized, the general lighting 
system will provide proper illumination without overhead task lighting
Task lighting (CFLs or T8 lamps) at carrels and other obvious task locations•	
Stack lights with T8 or T5 lamps in areas where stack locations are fixed, and general •	
overhead lighting in areas with high-density stack systems
Special lighting for media rooms, as required•	

The general lighting system may be one of the types previously suggested for 
classroom lighting (EL10). With adequate ceiling height, suspended lighting systems 
are preferable. Overhead lighting systems for task locations should also be selected 
from among choices suitable for classrooms or offices. The general lighting system 
can be designed to become more “dense” in task areas such as circulation desks, thus 
minimizing the number of luminaire types. Or this may be an area where supplemen-
tal specialty luminaires are added for the additional benefit of navigating through 
the space.

Task lighting at carrels and other locations should be selected according to architec-
ture and finish details. Two common options include the following:

Under-shelf task lights with high color rendering T8 or T5 lamps•	
Table or floor lamps equipped with CFLs up to 40 W•	

Stack lighting should use luminaires that are specifically designed for lighting stacks. 
There are several choices, but generally, a single continuous T8 or T5 lamp system will pro-
vide adequate illumination. Where the stack locations need flexibility (stacks relocated or 
placed off axis), an indirect lighting system or a linear stack light mounted from the stacks 
will provide the most flexibility.

Media rooms for video monitoring and editing, sound monitoring and editing, dis-
tance learning, and video teleconferencing have special requirements. Lighting must be 
designed to meet those specific needs and lighting controls must be provided to enable the 
room to be used for the varying needs. 

Figure 5.6a shows a typical library lighting design. The design illustrates general light-
ing that uses troffers, table lights for study desks, task lights at kiosks, and stack lights. 
Using high ballast factor two-lamp troffers, this design works at an overall power density 
of 1.27 W/ft2. Increasing stack lights to a high ballast factor increases overall connected 
power to 1.38 W/ft2. The stacks to the right on the plan are half height. Figure 5.6b shows 
an indirect/direct lighting option for a library.

Library spaces tend to be among the most expensive to light. These recommendations 
provide a good balance between cost, energy efficiency, and good lighting practice.

A control system that activates the general lighting system according to a calendar 
program and uses motion sensing for off hours should be used. In areas with plentiful 
daylight, use automatic daylight switching or dimming to reduce electric lighting by 
day. In addition, in areas such as reference stacks that are less frequently used, consider 
providing individual motion sensors or digital time switches for stack aisles that are 
connected to dimming ballasts, producing low light levels (but not completely off) until 
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(a)

(b)

Figure 5.6. (a) Typical library lighting design and (b) library indirect/direct lighting option.
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the aisle is occupied. Individual reading and study rooms 
should use motion sensors, with personal motion sensors 
and plug strips should be used at study carrels, especially 
those with fixed computers.

Note:

As a place of assembly, the room needs to be equipped •	
with an emergency lighting system that can produce 
at least one footcandle, on average, along the path of 
egress. In general, the best way to do this is to power 
some of the lighting from an emergency source, which 
must be either an emergency generator or a battery 
backup system that can provide egress lighting for at 
least 90 minutes. 
The controls must be designed such that, if a power •	
emergency occurs, the proper lights are illuminated 
regardless of setting. This often requires an automatic 
transfer relay or other mechanism that bypasses room 
controls during a power emergency. Transfer relays 
must be listed for use in emergency circuits.
Switching and dimming of the lighting system should •	
not be readily accessible. Locate controls in a super-
vised location.
If the library has computers for research or card catalog •	
searches, special care should be taken to avoid glare sources 
on the computer monitors from light fixtures or windows.
Under-cabinet task lights should be specified carefully. •	
Avoid traditional “inch light” systems with magnetic 
ballasts that use twin-tube CFLs and old-style linear 
lamps like the F6T5 (9 in.), F8T5 (12 in.), and F13T5 
(21 in.). Use task lights employing modern F14T5 (22 
in.), F21T5 (34 in.), F28T5 (46 in.), F17T8, F25T8, 
or F32T8 lamps. Always use electronic ballasts, and 
consider dimming for all task lights.

Desk lamps and table lamps with linear fluorescent lamps or hardwired CFLs should •	
be used. Medium based screw-in CFLs are not a good choice for new projects, since 
they can be replaced with incandescent lamps and therefore do not comply with most 
energy codes.

Corridor Lighting (Climate Zones: all)

Corridor lighting in schools must provide lighting for wall-mounted lockers and infor-
mation boards in addition to the normal corridor function. Vertical illuminance is important 
for these tasks and the corridor lighting system should provide light at high angles. Lumi-
naires should be aligned parallel to the corridor walls to provide good quality light and to 
make light useful for lockers. 

Given the choices of luminaires, an attractive solution that is suitable for any type of 
corridor ceiling construction, including indoor and outdoor corridors, acoustical tile or 
gypsum board ceilings, etc., should be possible.

Corridors are generally excellent spaces for daylighting. Furthermore, daylight in 
corridors provides an important safety feature of guaranteed lighting during any day-

EL14

Technology Case Study: 
 Salem Middle School, Apex, NC

Salem Middle School in Apex, North Carolina, is 

a 158,000 ft2 building completed in 2003. High-

performance design features included in the design are 

the daylighting in common areas and photosensors that 

control interior lights in the daylit areas. T8 lamps and 

electronic ballasts are used to light the school. Figure 

S1-1 shows how clerestories/light monitors were used 

to provide daylighting for the media center.

Figure S1.1. Media center daylighting.



chApter 5—how to implement recommendAtions | 107 

Figure 5.7. Corridor lighting options.
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Technology Case Study: 
 Salem Middle School, Apex, NC

Salem Middle School in Apex, North Caro-

lina, is a 158,000 ft2 building completed in 

2003. High-performance features included in 

the design are the daylighting in common areas 

and photosensors that control interior lights in 

the daylit areas. T8 lamps and electronic bal-

lasts are used to light the school. Figure S2.1 

shows how clerestories/light monitors were 

used to provide daylighting in the corridors.

Figure S2.1. Corridor daylighting.

time emergency. For single-story or top-floor corridors, linear 
toplighting is especially appropriate. For corridors not directly 
under a roof or adjacent to an exterior wall, pools of light from 
intermittent sidelighting or toplighting borrowed from the floor 
above can create important social spaces, with higher levels of 
illumination than that provided by the electric lighting system. 
Daylight introduced at the end of a long corridor can have a glar-
ing effect, making the corridor feel more like a tunnel. Daylight 
introduced from the side or above is generally more effective 
and has less glare. As with electric lighting, illuminating the 
corridor walls should be the primary objective. Several lighting 
systems are available:

With high ceilings, a suspended lighting system similar to the •	
classroom or library lighting may be used with an indirect or indirect/
direct distribution.

Interior corridors may use “recessed indirect” luminaires that •	
should be oriented with the lamp along the corridor long axis. This 
design is suited for all ceiling types.

As an alternative, especially for schools where vandalism is •	
a concern, use surface ceiling wraparound luminaires, prefer-
ably vandal-resistant or high abuse types.

Exterior corridors should use surface-mounted wraparounds •	
or ceiling-mounted, high-abuse luminaires. In some cases, 
wall-mounted, high abuse luminaires may be acceptable. 

Luminaires should use T5 or T8 lamps and electronic bal-
lasts. Outdoor corridors and corridors with plentiful daylight 
should use automatic daylight switching or dimming to reduce 
electric lighting by day. Figure 5.7 shows typical lighting op-
tions for corridors.

Note:

Ensure that the luminaires are not overly “institutional” in •	
appearance. If required by the application, choose one of 
many modern “rough-service” luminaires that are attractive 
and durable.
In general, recessed downlights have insufficient vertical illumina-•	
tion to provide good service in corridors. However, recessed down-
lights that use CFLs may be preferred for lobbies and similar appli-
cations where a dressier appearance is desired.

The corridors need to be equipped with an emergency lighting system that can produce •	
at least one footcandle, on average, along the path of egress. The controls must be de-
signed such that, if a power emergency occurs, the proper lights are illuminated regard-
less of setting. This often requires an automatic transfer relay or other mechanism that 
bypasses room controls during a power emergency. Transfer relays must be listed for 
use in emergency circuits.
Switching of the lighting system should •	 not be readily accessible. In general, switch-
ing should use an automatic time-of-day control system with motion sensor override 
during normal off hours, but make certain that the controller is easily programmed for 
days on and off, holiday schedules, etc. 
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In addition, provide automatic daylighting controls, including dimming or •	
switching off lights in corridors having windows, skylights, or other forms of 
natural lighting.

Lighting for Offices and Teacher Support Rooms (Climate Zones: all)

The main office is another multifunction space. The administration staff provides 
services, including reception for visitors, reporting/record keeping (classroom lists, 
attendance records), support for the principal, support for the teaching staff, and care 
for students, when a nurse is not on site. As with most office workers today, computer 
work comprises a significant part of the day, and the lighting system must provide high-
quality light.

In many schools the offices are located in the interior of the building and do not have 
windows to the exterior. The lighting system should provide some light on the vertical walls 
to help the space feel more open.

With high ceilings, a suspended lighting system similar to the classroom or library •	
lighting may be used with an indirect or indirect/direct distribution.
For lower-ceiling office spaces, “recessed indirect” systems should be considered, as •	
they provide visual comfort for the workers and light on the upper wall surfaces.
For support areas, recessed fluorescent lens troffers with at least 78% fixture efficiency •	
and using T8 premium lamps and electronic ballasts should be used. 

Where offices are located on an exterior wall and daylight strategies are being imple-
mented, the approach to daylighting control is similar to the classroom

For teacher support areas (making copies, work preparation) where computers are 
not in use, troffer lighting systems generally offer excellent efficiency but with some 
loss of visual comfort. They make excellent use of the low-cost, widely used T8 lamp 
system. Systems operating at about 1 W/ft2 will generate 50–60 footcandles main-
tained average with very good uniformity. Separate task and ambient systems may cre-
ate a more comfortable atmosphere.

For non-dimming applications, luminaire light and power can be varied by choice of 
ballast factor. Use the information in EL2, and specify ballasts accordingly.

Note:

Lens troffer lighting systems are low cost, but their inexpensive appearance can be a •	
drawback. Suspended lighting systems provide a high degree of cost-effectiveness and 
improved appearance in most applications. 
Recessed parabolics with a 45° cutoff provide glare control but will not provide light on the •	
upper walls. This makes the office space seem dark.

Lighting for Locker Areas and Restrooms (Climate Zones: all)

These types of spaces are, historically, the most abused interior portions of school 
buildings. Durable lighting is unfortunately less attractive and less integrated than other 
lighting types. 

Daylight is a welcome addition to any locker area or restroom. The high light lev-
els from daylight promote good maintenance. For privacy and security reasons, day-
light is often best provided in these spaces via diffusing skylights or other toplighting 
strategies. Often these spaces can be designed to need no additional electric light dur-
ing the day.

EL15
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This Guide generally recommends fluorescent luminaires that use standard T8 lamps 
or CFLs. These luminaires are part of a relatively new generation of vandal-resistant 
or “rough-service” lights that are considerably more attractive than previous products. 
These luminaires should be specified with UV-stabilized, prismatic polycarbonate lenses 
for maximum efficiency and resistance to abuse. Tamper-resistant hardware is also rec-
ommended. Wall mounted rough-service lights include the following:

Linear lights that use T8 lamps and electronic ballasts•	
Rectangular, oval, and round lights that can be equipped with CFLs (low-wattage HID •	
lamps can also be used in these luminaries, but are not recommended)
Recessed ceiling lights are generally troffers that use the polycarbonate lens and tamper-•	
resistant hardware, as well as more robust components; these luminaires are available in 
1 × 4 ft, 2 × 2 ft, and 2 × 4 ft versions with standard T8 lamps and electronic ballasts

For showers, use either surface or recessed luminaires designed for CFLs. Due to 
the long warm-up and restrike times, HID lamps should not be used. In either case, 
luminaires should be listed for wet applications.

In general, choose luminaires that are attractively styled to prevent an overly institutional 
appearance. For spaces that do not have daylighting, controls should perform in one of the fol-
lowing ways:

Continuously on during normal school hours, with a night/emergency light on all the •	
time.
Continuously on during normal school hours, with both a night/emergency light on at •	
all times and a motion sensor override for full lighting during off hours.
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Daylighting 

General Principles (Climate Zones: all)

Daylighting is essential for the most energy-efficient and sustainable school design. Effective 
daylighting uses sunlight to offset electrical lighting loads. When properly designed, daylighting 
saves energy in lighting loads and reduces cooling loads.  In addition to energy benefits, a number 
of studies have shown that daylight can also help improve learning.2 From a student and teacher 
productivity standpoint, classrooms (particularly special needs classrooms) are the most beneficial 
spaces to daylight.

Daylighting must provide controlled, quality lighting. For daylighting to save energy, 
it must be “superior” to the electrical lighting. Otherwise, the habit of walking into a space 

2.  http://www.h-m-g.com/projects/daylighting/projects-PIER.htm 

Good Design 
Practice

DL1
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and turning on the lights will never be broken. Develop a daylighting strategy that will 
provide superior lighting for at least 50% of the hours of school operation. From an energy 
perspective, a daylighting strategy that is not quite good enough may not result in energy 
savings because the electric lights will not be turned off. If designed correctly, a daylighting 
strategy can reduce the following:

Electricity for lighting and peak electrical demand•	
Cooling energy and peak cooling loads•	
Maintenance costs associated with lamp replacement•	

Cooling loads can be reduced by providing just the right amount of daylighting in a 
school. Because the lights are out, internal gains are reduced. The lumens per watt (effi-
cacy) of a well-designed daylighting system is higher than that of electric lighting sources. 
In other words, to meet the same lighting need, daylighting produces less heat. However, to 
achieve this reduced cooling, the following criteria must be met:

No more solar radiation is allowed to enter the building than is required to meet the •	
lighting design criteria.
Overhangs and other shading devices are properly sized to control solar radiation dur-•	
ing peak cooling times.
The electric lights, through the use of photosensors, are automatically dimmed or turned off.•	

Consider Daylighting Early in the Design Process (Climate Zones: all)

The most economic and effective daylighting strategies are very well integrated into 
the design from structural, mechanical, electrical, and architectural standpoints. To do it 
well, the many interrelated aspects of the school’s architecture, landscape, and engineering 
must be considered. Properly integrated, mechanical cooling equipment can be reduced 
because overall cooling loads are reduced. To do so, the daylighting system needs to be 
optimized by developing a design to reduce peak cooling loads. This will allow for proper 
trade-offs between the daylighting and the sizing of the cooling system.

If properly integrated, common architectural components may serve dual functions, 
reducing first cost. An example is that white single-ply roofing can serve as a waterproof-
ing membrane and increase radiation into a roof-mounted daylighting aperture (see DL30). 
Only a comprehensive, well thought-out-approach will provide a low-cost system that 
achieves the desired benefits. 

The opposite is true without integrated design. If the daylighting system is designed 
and bid as an alternate, the daylighting strategy will probably not be nearly as cost-effective 
or resource smart. The problem arises if the designers think that the daylighting compo-
nents will have a good chance of being eliminated. A designer with this mindset will be 
unlikely to risk designing a smaller mechanical cooling system, thinking that he or she may 
have to pay to redo the design.

The best way to guarantee a low-cost daylighting strategy is to fight against this in-
stinct and integrate daylighting early in the schematic design phase. With good schematic 
design cost estimates that reflect the added daylighting components and the reduced cool-
ing equipment and multi-use of building components, the designer will soon see that the 
net daylighting costs are very reasonable.

Space Types (Climate Zones: all)

Daylighting the classroom is most critical, since that is where the teachers and the students 
spend most of their time. In addition, the potential for savings is the greatest in the classrooms. 

DL2
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Guidelines are also provided for the gymnasium/multipurpose room because this space is typi-
cally used for more hours. Specific guidelines are not provided, but daylighting should also be 
considered for the cafeteria, media center, administrative areas, and corridors.

How to Select Daylighting Strategies (Climate Zones: all)

For this Guide, four daylighting strategies are presented; three for classrooms and one 
for gymnasiums. For each strategy, there are several options and variations depending on 
climate and orientation. These strategies are designed to provide the recommended illumi-
nance for the classrooms and gym over most of the occupied daytime hours. 

These strategies are based on all classroom spaces being oriented so the windows face 
either north or south. Although daylighting can be achieved for other orientations, the rec-
ommendations in this document do not apply to those orientations. The four patterns are 
summarized below, and more specific information is provided in DL20–37. Table 5.8 sum-
marizes the application criteria for each daylighting strategy. 

Classrooms with sidelighting only.•	  Two variations of this are provided, one for 
north-facing and one for south-facing classrooms. South-facing classrooms are 
assumed to have overhangs and light shelves to bounce the daylighting deeper into 
the space. 
Classrooms with toplighting only.•	  Only one option is provided for toplighting, which 
is a south-facing roof monitor positioned in the center of the space and coupled with 
light baffles to bounce and filter light. 
Classrooms with a combination of sidelighting and toplighting.•	  This daylighting pat-
tern combines the south- or north-facing classrooms described in the first bullet with 
top lighting at the back walls of the classrooms. The toplighting may be provided by 
either skylights or roof monitors, depending on climate and other design constraints. 
Gyms with Toplighting.•	  Two variations of this daylighting pattern are provided, one 
with roof monitors and one with skylights. 

Recommended Daylighting Fenestration to Floor Area Ratios 
(Climate Zones: all)

For view and a positive connection to the outdoors, provide view windows below the 7 ft 
height. East and west glass should be minimized, and shading should be provided on the south 
side. Overhangs and lightshelves are not needed on north view glass. See EN21 for more infor-

DL5

Table 5.8. Application for Daylighting Strategies

Sidelighted 
Classrooms Toplighted Classrooms Sidelighted and 

 Toplighted Classrooms Toplighted Gym 

Uniform Light Distribution

Low Glare

top Floor/Single Story

Middle/Ground Floors

Reduced Energy Costs

Low First Cost

Cost-effectiveness

Low Maintenance

Etremely good application Good application Etremely poor application
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mation. Glazing above 7 ft is designed to provide daylighting, and should be sized according to 
the daylighting fenestration to floor area ratios (FFR) in Table 5.9. These basic rules will help you 
determine the right amount of daylighting fenestration for particular systems. These numbers can 
be fine-tuned by using a daylighting analysis particular to the climate and the actual space configu-
ration and use. These rules assume a VLT of the vertical daylighting fenestration of 65%–75%. For 
the horizontal daylighting fenestration (skylights), a 60% VLT is assumed. Further details about 
each daylighting strategy are provided in DL20–37.

Separate View Windows from Daylighting Strategy (Climate Zones: all)

In designing daylighting systems, the view glass must be separated from the daylighting glass. 
To maximize the energy efficiency, the daylighting glazing is sized and placed to provide good qual-
ity lighting to the space, independent of the view glass. Additional glazing can be added, but only for 
view glass. The larger the view glass, the lower the energy performance of the building. 

Windows both for view and for daylighting should only be located on the north and 
south facades. Windows on the east and west should be minimized, as it causes excessive 
cooling loads and is not effective for heating because of the sun angles.

Visual comfort is strongly affected by the window location, shading, and glazing ma-
terials. Well-designed windows can be a visual delight, but poorly designed windows can 
create a major source of glare. 

In schools, wall space is precious. As a result, view windows often serve as display ar-
eas. Additionally, these windows are almost always accompanied by blinds that can readily 
be closed by the teachers and students. Although view windows are recommended to provide 
a connection with the outdoors, they should not be considered as a contributor to daylighting. 
Even if they are not covered by artwork or blinds, they have limited benefit, lighting only the 
spaces very close to the window. Daylighting fenestration should only include that which is 
located above door height, about 7 ft. It is best to build the daylighting design around roof 
monitors; high, south-side light shelf apertures; or high, north glass transom windows. 

Lighting Design Criteria (Climate Zones: all)

Design the daylighting system to provide enough—but not too much—lighting. Class-
room daylighting systems should be designed to meet the following criteria3: 

45–50 footcandles of average illumination for general instruction•	
30 vertical footcandles on the teaching wall (non-AV mode) with an uniformity illumi-•	
nance ratio (maximum to minimum) not to exceed 8:1 

3. See the “Overview” section of the “Lighting and Daylighting” chapter of the CHPS Best Practices Man-
ual, 2006 Edition, pages 196–203, for more detail. See also the IESNA Handbook, Section 10, Figure 
10.9, 9th edition. 
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Table 5.9. Daylighting Fenestration to Floor Ratios

Daylighting Strategy Classroom Gymnasium/Multipurpose Room
South-Facing Roof Monitor 8%–11% 5%–8%

North-Facing Roof Monitor 12%–15% 7%–10%

South Light Shelf 8%–11%

South Light Shelf with Blinds Between Glazing 15%–20%

High, North Glazing 15%–20%

Skylights 3%–5%

tubular Daylighting Devices 2%–3%



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

7–15 footcandles on the teaching wall of average illumination for AV mode •	
Uniformity illuminance ratio not to exceed 8:1•	
Glare illuminance ratio not to exceed 20:1 •	

The same criteria for lighting quality and quantity apply to electric lighting and day-
lighting. When the criteria cannot be met with daylighting, electric lighting will meet the 
illuminance design criteria. The objectives are to maximize the daylighting and to mini-
mize the electric lighting. To maximize the daylighting, without oversizing the fenestration, 
in-depth analysis may be required.

For sunny climates, designs can be evaluated on a sunny day at the summer solar peak. 
For cloudy climates, a typical cloudy day should be used to evaluate the system. Typically, 
the glazing to floor ratio percentage will increase for cloudy climates. Daylighting can still 
work for a school in a cloudy climate. Cloudy climates can produce diffuse skies, which 
create good daylighting conditions and minimize glare and heat gain.

Use Daylighting Analysis Tools to Optimize Design (Climate Zones: all)

This Guide is designed to help achieve energy savings of 30% without energy 
modeling, but energy and daylighting modeling programs make evaluating energy-
saving trade-offs faster and daylighting designs far more precise. To better opti-
mize the daylighting and building design, a point-by-point model should be used to 
analyze typical classroom daylighting patterns to ensure the design criteria are met. 
(See CHPS, Best Practices Manual, Volume II–Design, pages 205–208 for a detailed 
description of available tools.) At a minimum, daylighting should be evaluated for 
multiple design conditions, including sunny and cloudy conditions, the summer and 
winter solstices, the peak cooling day, the equinox, and three times during the day: 
9:00 a.m., noon, and 3:00 p.m. The analysis tool should be able to predict illumina-
tion and surface brightness for a grid of points within the space and to calculate per-
formance during all hours of operation. 

Annual savings will have to be calculated with an annual whole-building energy simu-
lation tool after the daylighting design tools have been used to determine the footcandles 
in the classrooms and the window sizes have been appropriately sized. Current daylighting 
analysis tools do not help with heating and cooling loads or other energy uses. They predict 
only illumination levels and perhaps electric lighting use.

Building Orientation (Climate Zones: all)

Cost-effective daylighting starts with good orientation. For classrooms and most other 
spaces, the vertical facades that provide daylighting should be oriented within 15° of either 
north or south. Sidelighted daylighting solutions can be developed for other orientations, but 
they are beyond the recommendations provided in this document and are typically less effec-
tive. Orientation is less important if toplighting is used as the primary daylighting pattern, since 
roof monitors can be rotated on the roof. However, even with roof monitors, the main axis of the 
building should still be within 15° of north/south or east/west. East and west glass is problem-
atic from a solar heat gain perspective, and provides nonuniform daylighting. 

In integrating the building into the overall site, make sure that the daylighting apertures are 
not shaded by adjacent buildings, trees, or elements of the school building (self shading). 

Ceiling Height (Climate Zones: all)

For all daylighted classrooms, a minimum 10 ft ceiling height is recommended. When 
daylighting must be provided entirely from sidelighting, a higher ceiling is recommended 
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at the perimeter wall, and the ceiling should be sloped when possible. See DL26 for ad-
ditional information. 

Outdoor Surface Reflectance (Climate Zones: all)

Consider the reflectance of the roofs, sidewalks, and other surfaces in front of the 
glazing areas. The use of lighter roofing colors can increase daylighting concentration 
and in some cases reduce the glass area needed for roof monitors or clerestories. How-
ever, a light-colored walkway in front of view windows should be considered carefully. 
Although a light-colored surface may improve daylighting, depending on the design of 
the facade, it may also cause unwanted reflections and glare.

Eliminate Direct Beam Radiation (Climate Zones: all)

An essential component of any good daylighted school design is the elimination 
of uncontrolled, direct beam radiation onto the work plane. This is critical for all class-
rooms, libraries, media centers, and administrative spaces, but less critical for some 
gymnasiums, multipurpose spaces, and corridors. Use strategies that bounce, redirect, 
and filter sunlight so that direct radiation does not directly enter space. A good test is to 
evaluate sun angles at 9:00 a.m., noon, and 3:00 p.m. on the equinox and at the summer 
solar peak, and make sure that there is no direct solar radiation on the work plane4 inside 
a band of 4 ft from the edges of the walls. If this criterion is met, interior shades will be 
unnecessary, except possibly to darken the space for AV purposes. With advances in AV 
technology, including flat screens and LCD projectors, room darkening is less important 
than it was in the past. 

The purpose of shading is to prevent direct solar penetration into the space, which can 
be a source of glare and excess heat gain. There are various types of shading strategies that 
should be implemented in the following order:

External Shading.•	  Methods that optimize the amount of direct sun that reaches the 
glazing. These include major building and architectural elements such as overhangs, 
soffits, trellises, awnings, and external light shelves. This method is the most effective, 
as it prevents excess solar heat gain and glare. 
Shading Integral with the Glazing.•	  Methods in which the glazing rejects unwanted so-
lar gain. These include coloration (absorption), reflectivity, and selective transmission; 
opaque elements integral to the glazing, such as ceramic frit patterns or integrated PV; 
or baffles or blinds between glazing panels.
Internal Shading.•	  Methods for filtering and controlling solar gain that has already en-
tered the space. These include baffles, louvers, rolling shades, blinds, and internal light 
shelves. Internal shading can be vertically mounted for a window or mounted in other 
planes such as skylight wells.

The success of daylighted schools depends on how occupants interact with the 
daylighting system. This is particularly true for blinds or shades that are available 
for adjustment by occupants. Occupants are motivated to close the blinds but not to 
reopen them. Occupants adjust blinds for the long term. If blinds are left closed, the 
daylighting potential will not be realized. If temporary darkening of a specific space is 
not functionally required, do not install shades or blinds on the daylighting glass. Un-
necessary blinds will result in reduced performance, increased first costs, and higher 
long-term maintenance expenses. 

4. Typically, a surface 30 in. above the floor (maybe less for lower elementary grades).
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Daylighting Control for Audiovisual Activities (Climate Zones: all)

If a classroom requires darkening for AV or other functions, consider motorized 
roller shades or motorized vertical blinds for apertures that are out of reach. This may 
seem to result in higher maintenance costs, but such controls can have the opposite ef-
fect. The mechanical stress placed on manual operators by the students and teachers 
(because of uneven cranking) limits the effective life of these devices to less than ten 
years. The inconvenience associated with the process also results in a number of these 
shades being left closed. Motorized shades, which cost more up front, will provide 
operators with greater ease of operation and result in a better performing daylighting 
design. Some motorized devices can also be programmed to reset in the open position 
at the beginning of each day.

Some teachers still use overhead projectors, but most use TV monitors or LCD 
projectors. All these teaching tools require that the light level at the specific location 
of the screen fall in the range of 5–7 footcandles for optimum contrast. Slightly higher 
levels (7–15 footcandles) should still provide acceptable light levels for the visual aids, 
but the reduced contrast will make them harder for the students to read. 

As an option to shading the daylighting apertures, consider locating the screen or moni-
tor in a part of the room that has less daylight and does not produce glare on the screen. This is 
typically easy to accomplish by locating the TV monitor high, in a corner of the space, and not 
adjacent to or facing a window. 

Whiteboards need sufficient light (about 30 footcandles) with an illuminance ratio not 
exceeding 8:1. Whiteboards have a specular surface and should be carefully located so that 
there is no reflected glare from daylighting apertures or lighting fixture. Since the whiteboard 
is typically in the same location as the overhead projection screen, separate control of the 
teaching surface light is essential. To address both needs, intentionally darken the area of the 
teaching wall that has the screen and then use electric lighting to enhance the wall when the 
whiteboard is used.

Interior Finishes for Daylighting (Climate Zones: all)

Select light colors for interior walls and ceilings to increase light reflectance and re-
duce lighting and daylighting requirements. Minimum surface reflectances are shown in 
Table 5.10. The color of the ceiling, walls, floor, and furniture have a major impact on the 
effectiveness of the daylighting strategy. When considering finish surfaces, install light col-
ors (white is best) to ensure the daylight is reflected throughout the space. 

Consider a ceiling tile or surface that has a high reflectivity. Make sure that the ceil-
ing tile reflectance includes the fissures within the acoustical tiles, as these irregularities 
affect the amount of light absorbed. Do not assume that the color of a tile alone dictates 
its reflectance. When selecting a tile, specify a minimum reflectivity. Most manufactures 
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Table 5.10. Minimum Reflectance

Location Minimum Reflectance

Walls Above 7 ft 70%

Ceiling 70% (preferably 80%–90%)

Light Wells 70%

Floors 20%

Furniture 50%

Walls Below 7 ft 50%
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will list the reflectance as if it were the paint color reflectance. The Cx provider should 
verify the reflectance.

Calibration and Commissioning (Climate Zones: all)

Even a few days of occupancy with poorly calibrated controls can lead to permanent over-
riding of the system and loss of savings. All lighting controls must be calibrated and commis-
sioned after the finishes are completed and the furnishings are in place. Most photosensors re-
quire daytime and nighttime calibration sessions. The photosensor manufacturer and the quality 
assurance (QA) provider should be involved in the calibration. Document the calibration and Cx 
settings and plan for future recalibration as part of the school maintenance program.

Dimming Controls (Climate Zones: all)

For the classroom and gym daylighted options, daylighting controls are recommend-
ed in all classroom spaces and gyms/multipurpose spaces. For the non-daylighted option, 
view windows may still be included in the design. In this case, daylighting controls are 
still recommended for all zones within 15 ft of a sidelighted edge or within 10 ft of a 
toplighted edge. 

In all regularly occupied daylighted spaces such as classrooms, gyms, and offices, 
continuously dim rather than switch electric lights in response to daylight to mini-
mize occupant distraction. Specify dimming ballasts that dim to at least 20% of full 
output, with the ability to turn off when daylighting provides sufficient illuminance. 
Provide a means and a convenient location to override daylighting controls in spaces 
that are intentionally darkened to use overhead projectors or slides. The daylighting 
control system and photosensor should include a 15-minute time delay or other means 
to avoid cycling caused by rapidly changing sky conditions, and a one-minute fade rate 
to change the light levels by dimming. Automatic multilevel daylight switching may 
be used in non-regularly occupied environments, such as hallways, storage, restrooms, 
lounges, and lobbies.

Photosensor Placement and Lighting Layout (Climate Zones: all)

Correct photosensor placement is essential: consult daylighting references or work with 
the photosensor manufacturer for proper location. Mount the photosensors in a location that 
closely simulates the light level (or can be set by being proportional to the light level) at the 
work plane. Depending on the daylighting strategy, photosensor controls should be used to 
dim particular logical groupings of lights. Implement a lighting fixture layout and control 
wiring plan that complements the daylighting strategy. In sidelighted classrooms, locate lu-
minaires in rows parallel to the window wall, and wire each row separately. Because of the 
strong difference in light that will occur close to the window and away from the window, 
having this individual control by bank will help balance out the space. In a space that has a 
roof monitor, install one photosensor that controls all the perimeter lights and a second that 
controls all the lights within the monitor well. In gymnasiums, ganged fluorescent fixtures 
coupled with dimmable ballasts are a great way of eliminating the problems typically associ-
ated with using metal halide fixtures (long-restrike time). 

Photosensor Specifications (Climate Zones: all)

Photosensors used for classrooms should be specified for the appropriate illuminance 
range (indoor or outdoor) and must achieve a slow, smooth linear dimming response from 
the dimming ballasts. 
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In a closed-loop system, the interior photocell responds to the combination of 
daylight and electric light in the daylighted area. The best location for the photocell 
is above an unobstructed location, such as the middle of the classroom. If using a 
lighting system that provides an indirect component, mount the photosensor at the 
same height as the luminaire or in a location that is not affected by the uplight from 
the luminaire.

In an open-loop system, the photocell responds only to daylight levels but is still cali-
brated to the desired light level received on the work surface. The best location for the pho-
tosensor is inside the skylight/roof monitor well.

Select Compatible Light Fixtures (Climate Zones: all)

First consider the use of indirect lighting fixtures that more closely represent the same 
effect as daylighting. Indirect lighting spreads light over the ceiling surface, which then 
reflects the light to the task locations; with the ceiling as the light source, indirect lighting 
is more uniform and has less glare. 

In addition, insist on compatibility between ballast, lamps, and controls. Ensure that the lamps 
can be dimmed and that the dimming ballasts, sensors, and controls will operate as a system. 

Classroom Sidelighting

The sidelighting patterns shown in Figure 5.8 are appropriate for south- and north-facing 
classrooms, within 15° of true. Sidelighting strategies can be used in classrooms on any floor; 
Figure 5.8 shows sidelighting for a two-floor school. DL20–27 provide further information 
on sidelighting strategies.

South-Facing Classrooms—Configuration of Apertures 
(Climate Zones: all)

The choice of fenestration and the placement of the apertures are critical. If uncon-
trolled, direct beam radiation enters the classroom window. It can create glare and the 
teacher will simply close the blinds and negate the daylighting strategy.
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Figure 5.8. Classroom sidelighting.
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A light shelf is recommended for south-facing walls. The daylighting windows above 
the light shelf should be as continuous as possible; the daylighting window is typically 3–5 ft 
high. The window should be positioned as close to the ceiling as possible, within structural 
constraints (see Figure 5.11).

An overhang should be positioned over the daylighting aperture and sized with the 
light shelf to prevent direct sun from entering the space. Set the cutoff angle of the light 
shelf or louvers to eliminate direct sun penetration at the back of the space during normal 
school hours. If there are operable shades on the upper glazing that are seasonally adjusted, 
the cutoff angle may be increased by 20° (see Figure 5.9).

An option to the light shelf would be to add mini-blinds between the panes of glass, 
and in cold climates, add a third pane. In this case, the interior portion of the light shelf 
may be eliminated, but the outer portion is still needed to shade the vision glass (see 
Figure 5.10).

For north-facing classrooms, a light shelf is not needed because its benefits are re-
lated to the reflection of direct solar radiation, and north facades experience little direct 
solar gain.

South-Facing Classrooms—Glazing Area and Fenestration Type 
(Climate Zones: all)

The area of the daylighting aperture should be in the range of 80–110 ft² for a typical 
1000 ft² classroom. This recommendation is based on glazing with a light transmission of 
65%–75%. Glazing with a lower light transmission may be used, but the aperture should be 
increased to maintain the same visible aperture. Where windows are used specifically for 
daylighting, consider the use of uncoated clear glass or low-e coated clear glass with a high 
VLT. A larger daylighting aperture with a lower VLT has the advantage of providing the same 
amount of daylight but with less glare and contrast. The disadvantage is that typically the costs 
associated with all the components of the daylighting system are higher.
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Figure 5.9. Overhang cut-off angle.
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Figure 5.11. Light shelf details.

Figure 5.10. Light shelf details.
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The view windows below 7 ft do not require high light transmission glazing, so val-
ues between 0.35 and 0.50 are acceptable. Higher VLTs are preferred in predominantly 
overcast climates. VLTs below 0.35 may appear noticeably tinted and dim, and may de-
grade luminous quality and views. However, lower VLTs should be used for higher FWRs. 
Lower VLTs may also be appropriate for other conditions of low sun angles or light-colored 
ground cover. 

Thermal comfort can also be compromised by poor fenestration choice, especially 
for the view glazing, which is closer to occupants. Poorly insulated windows add to a 
winter chill or summer sweat, but windows with low U-factors keep glass surface tem-
peratures closer to the interior air temperature, improving thermal comfort. In addition, 
east-west windows and unshaded south windows (if they cannot be avoided) can increase 
cooling loads. 

In all cases, windows should be made of high-quality construction, incorporate 
thermal breaks, and include the appropriate glazing for the particular application. 

Carefully consider the visible light, solar transmission, and insulation qualities of the 
particular daylighting glazing system, with particular emphasis on how much additional 
glazing will be needed to achieve the same VLT. If the design is to effectively address en-
ergy and create a good daylighting strategy, the size of the daylighting apertures needs to 
be minimized and the transmission maximized.

The desirable color qualities of daylighting are best transmitted by neutrally 
colored tints that alter the color spectrum to the smallest extent. In particular, avoid 
dark green and bronze glazing. To the greatest extent possible, avoid the use of re-
flective glass or low-e coatings with a highly reflective component, even for view 
glass. These reduce the quality of the view, and the mirrored effect is unpleasant to 
occupants after dark.

South-Facing Classrooms—Make Light Shelf Durable and Reflective 
(Climate Zones: all)

Select durable materials for interior and exterior light shelves and, if reachable, design 
them to be able to carry the weight of a person. Aluminum exterior light shelves are a good 
compromise between good reflectance with little or no maintenance and cost. Incorporate 
white finishes on the top of interior light shelves. Aluminized acrylic sheets applied to the 
top of the interior shelf allows light to bounce further back into spaces and can improve 
performance in deeper rooms without toplighting.

South-Facing Classrooms—Horizontal Blinds between Glazing 
(Climate Zones: all)

As an alternative to interior light shelves, consider horizontal blinds between glazings. 
The horizontal blinds should be highly reflective and have either flat or curved blades. If 
curved, they should be curved upward (turned opposite to how they are normally installed). 
Because of potential dirt buildup and maintenance, they should be placed between panes 
of glazing.  If this option is used, consider the transmission of the blinds and increase the 
glazing area accordingly. 

Most shades that are available today are operable and can be closed. However, if the 
space does not need to be temporarily darkened, the angle of the internal blinds should 
be fixed, angled up to the ceiling by the recommended cutoff angle for light shelves. By 
fixing the angle and not allowing the occupants to operate the blinds, there will less op-
portunity to override the daylighting benefits. If the internal blinds do need to be oper-
ated for darkening purposes, provide two fixed positions: the one described above and a 
second “closed” position. 
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North-Facing Classroom—Configuration of Apertures 
(Climate Zones: all)

The window should extend as close as possible to the ceiling. Window area below 
door height of about 7 ft should be considered as view glazing and not considered as a 
contributor to daylight. The daylighting glazing should be as continuous as possible along 
the façade. If continuous fenestration cannot be provided for structural or other reasons, 
the windows should be placed in the corners of the space with the opaque wall for shear 
or structure located in the center of the wall. This will light the walls perpendicular to the 
daylighting wall and provide better illuminance ratio and surface brightness. 

From a daylighting perspective, high north glazing can be a good option into spaces 
up to a distance equal to 1.5–2.0 times the height of the top of the window. Like north-
facing roof monitors, it takes more glazing than a south light shelf would to achieve the 
same annual contribution, so the energy performance is not quite as good. The most sig-
nificant advantage is that controlling direct beam radiation is not usually a problem.

Often, when implementing a daylighting strategy in classrooms that face both north 
and south, the designer is faced with the challenge of establishing a common ceiling height. 
On the south side-light shelves that generally require less glazing than high, north transom 
apertures can be used, unless blinds between the glass or a south-facing fenestration with a 
lower VLT is used. In this case, the height of the south aperture will quite closely match the 
height of north transom glazing. To maintain a common ceiling height, consider some of the 
lower view glass on the north as an integral part of your daylighting strategy. Because blinds 
would typically not be needed on the north to block direct beam radiation, it is logical to in-
clude some lower view glass. The big drawback is that the window area could still be used as 
a display board, which blocks the light.

North-Facing Classroom—Glazing Area and Fenestration Type 
(Climate Zones: all)

For glazing with a VLT of 65%–75%, a daylighted area of 150–200 ft2 is recom-
mended for a typical 1000 ft2 classroom. If glazing with a lower VLT is used, the area 
should be increased accordingly. Because of the lack of direct beam radiation on the 
north, light shelves provide no benefit and should not be used. Assuming that lower 
north side view glass is considered in your daylighting strategy, it would be advisable 
to use low-e glass in this case because of comfort, sacrificing the 10%–20% reduction 
in visible light benefit.

South- and North-Facing Classrooms—Sloped Ceilings 
(Climate Zones: all)

When daylight can be provided only from the side, the ceiling should be sloped down to 
the back wall. A sloped ceiling can achieve a higher window head, which will result in greater 
daylighting penetration into the space. The slope will also provide a brighter ceiling. 

By sloping the ceiling from the outside wall to the back of the space, it is often possible 
to encroach into the ceiling cavity space just at the window area, not increase floor-to-floor 
dimensions, and still have enough space for ductwork. 

South- and North-Facing Classrooms—Recognize the Limits of Side 
Daylighting (Climate Zones: all)

Sidelighting is an effective strategy for daylighting spaces in rooms with tall ceil-
ings. For rooms with low ceilings, effective daylight can be provided only for spaces 
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within 15–20 ft from the window. To 
daylight the whole classroom, consider 
wall washing skylights or roof monitors 
to supplement the sidelight.

Classroom Toplighting

One daylighting pattern is provid-
ed in this Guide for toplighting. Other 
options may be explored for specific 
school applications; however, they are 
beyond the scope of this Guide. 

Roof monitors that incorporate verti-
cal south glazing and properly sized over-
hangs and interior baffles have the follow-
ing advantages:

Create a very uniform lighting •	
throughout the space
Can be used to daylight spaces far •	
from the perimeter of the building
Create passive heating benefits, al-•	
lowing more radiation to enter the 
space in the colder months
Create a more diffuse, filtered lighting •	
strategy
Reduce glare and contrast•	

The limitation of roof monitors is that 
they can be used in single story designs only 
or on the top floors of multi-story designs 
(see Figure 5.12).

Sizing the Roof Monitors (Climate Zones: all)

For a 1000 ft2 classroom, the well opening of the roof monitors should be approximately 
20 × 20 ft. The key to sizing the south-facing glazing in the monitor is to provide the desired 
level of daylighting illumination at the summer solar peak on a clear day. Size the glazing 
and the overhangs so that daylighting provides the required illumination (see DL7) dur-
ing the summer peak cooling condition. With south-facing glazing, this strategy will re-
sult in more daylight entering the space during other times of the year, when the sun has 
a lower altitude—just what is needed. The glazing area, if south-facing, is typically 25% 
less than if north-facing to provide the same daylighting. 

A fully daylighted 1000 ft2 classroom should have an 8%–11% monitor FFR, with 
65%–75% VLT for the daylighting fenestration. Glazing with a lower light transmis-
sion may be used, but the aperture should be increased to maintain the same effective 
visible aperture area (fenestration area × VLT). Where windows are used specifically 
for daylighting, consider the use of uncoated clear glass or low-e coated clear glass 
with a high VLT. A larger daylighting aperture with a lower VLT has the advantage of 
providing the same amount of daylight but with less glare and contrast. The disadvan-
tage is that the costs associated with all the components of the daylighting system are 
typically higher. 

Technology Case Study: 
 Zach Elementary School 

Fort Collins, CO

Zach Elementary School is located in Fort Collins, Colo-
rado, and is part of the Poudre School District in cli-

mate zone 5. Zach, a 67,412 ft2 facility with a capacity of 
525 students, uses daylighting in all the classrooms with 
high north- or south-facing clerestories.Tinted view win-
dows are separated from the clerestory windows. The south-
facing clerestory windows make use of overhangs to pro-
vide shade and light shelves to reflect daylight deeper into 
the classrooms. North- facing windows have no shading 
or light shelves. The T-grid ceilings have also been sloped 
down from the clerestories to improve the daylighting ef-
fect, as shown in Figure S3.1.

Figure S3.1. North-facing classroom with daylighting and 
sloped ceilings.
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To provide optimal levels, the following process can be used:
Determine the target lighting level (recommended illuminance).•	
Multiply that level by two, which equals the target maximum (solar noon) daylight il-•	
luminance level.
Evaluate winter maximum (solar noon); this number should no greater than twice (and •	
preferably 1.5 times) the solar peak.

Overhang for Roof Monitor (Climate Zones: all)

Assuming the school is in a location that has a winter heating requirement, consider placing 
the overhang the same as if designing a passive solar building. Start by placing the outer point of 
the overhang at an angle about 45° from horizontal, above the head of the window. This will allow 
most of the solar gain to enter during the winter, even at noon when the altitude is low. 

By moving the overhang in and out, and simulating these conditions during peak cool-
ing times (as well as with annual simulations), you will be able to determine the correct, 
optimum location. The overhang should not allow any more radiation entering the space 
during peak cooling times than is necessary to deliver the footcandles necessary (see DL7). 
If during peak cooling time the space has higher footcandle levels than is necessary, this 
will increase your cooling loads. 

Design the south-facing monitor to capture passive heating in the winter months. 
This will help to offset the heat not being provided when electric lights are off. Do not 
overextend the overhang. It will hurt the daylighting contribution as well as the passive 
heating benefit. 

Use Light-Colored Roofing in Front of Monitors (Climate Zones: all)

Specify a light-colored roofing material to reflect additional light into the glazing. 
A white single-ply roofing material (aged reflectance of 69%) typically provides the best 
long-term reflectance.5 This compares to black EPDM of 6%, a gray EPDM of 23%, or a 
light-colored rock ballast of 25%. 

5. LBNL. 2005. Aging and weathering of cool roofing membranes. Report 58055, Lawrence Berkley 
National Laboratory, Berkeley, California, http://repositories.cdlib.org/cgi/viewcontent.cgi?article= 
3574&context=lbnl
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Figure 5.12. Classroom toplighting.
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When white single-ply roofing is placed directly in front of the south-facing roof mon-
itors, the glazing area in the monitors is able to be reduced by up to 20% because of the 
additional reflected radiation entering the monitor.

The white color also provides an overall benefit by reflecting solar radiation that would 
otherwise be absorbed and re-radiated downward into the conditioned space. Energy savings 
also result as a benefit of a lowered cooling load.

Use Baffles to Block Direct Beam Radiation and Diffuse Light 
(Climate Zones: all)

In the roof monitor light well assemblies, white baffles should hang parallel to the 
glass and be spaced to ensure that no direct beam enters the space. The spacing and depth 
of the baffles should be determined so that when standing inside the room looking out, 
the occupants cannot see the sky. This will ensure that no direct beam light can strike the 
work plane. Baffles should have the following characteristics: 

The baffles should be fire-retardant and UV resistant.•	
The baffles should be light-colored and translucent to reflect the sunlight into the space •	
and help eliminate contrast from one side of the baffle to the other.

Minimize Contrast at Well-Ceiling Intersection (Climate Zones: all)

At the bottom of the light well, contrast is significantly reduced if there is a transition 
between the vertical and the horizontal planes. A 45°-angled plane is good, but a curved tran-
sition is even better. To achieve this curved effect, many designers now use fiber-reinforced 
plaster curved sections that nicely receive gypsum board.

Address the Monitor Design (Climate Zones: all)

To help reduce conductive gains and losses, the walls and ceiling of the roof monitor 
should be insulated and should incorporate appropriate insulation and moisture barriers as 
recommended in EN2 through EN18.

Make sure that the colors used within the monitor well are very light. White is best. 
Darker colors will result in a considerable loss in efficiency.

Also consider acoustic issues. If acoustical ceiling material is used, make sure that the 
reflectance and the acoustical properties are high. Often manufacturers, in presenting the 
reflectance of an acoustical tile, will specify the paint color. Remember to account for the 
reduced reflectance caused by the fissures in the tile.

Let the Heat Stratify (Climate Zones: all)

A key to achieving the desired cooling reductions is to rely on the stratif ica-
tion of heat within the monitor. Do not attempt to remove this heat by placing sup-
ply and return grilles in this area, but instead allow the heat to stratify. This benefit 
is often overlooked in designing daylighted spaces and comparing one strategy to 
another.

Minimize the Depth of the Ceiling Cavity (Climate Zones: all)

The depth of the well is very important. The deeper the well, the harder it is for the ra-
diation to reflect down into the space. For example, in a 20 × 20 ft2 sky well that is 7 ft deep 
and has 70% reflectance, the loss in effectiveness will be 50%. 
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Classroom Sidelighting Plus Toplighting

This daylighting pattern is appropriate for one-story buildings or for the top 
floor of a multistory school. It combines the sidelighting recommendations of the 
previous pattern with small interior skylights or roof monitors to balance daylighting 
across the space. Figure 5.13 shows a cross section for this pattern. See DL20–27 for 
recommendations for implementing this type of daylighting strategy. For an example 
of this type of daylighting, see the Silverthorne Elementary School climate zone 7 
case study.

Gym Toplighting

For spaces with high ceilings, such as gyms, or for larger spaces, such as mul-
tipurpose rooms, cafeterias, and commons, a basic daylighting design that uses 
toplighting is recommended. Toplighting has the distinct advantage of providing 
useful daylight under most conditions, and allows for almost any orientation of the 
space. 

Figure 5.13. Sidelighted classroom enhanced with toplighted skylights or roof monitors.
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Gym Toplighting Sizing

For those performing daylighting calculations using a daylighting program, the opti-
mum daylighting performance will generally be achieved when the maximum average light 
level reached under winter conditions is no more than about 200 fc, and there is never any 
direct sun penetration. In the warmer peak cooling months, footcandle levels should aver-
age no more than 1.5 times the design footcandle level. This will produce useful daylight 
ranging from about 30–200 footcandles (30–70 footcandles for roof monitors) on average, 
from 9:00 a.m. until 3:00 p.m. in most climate zones.

To provide optimal levels the following process can be used:

Determine the target lighting level (recommended illuminance).•	
Multiply the target level by two; this will equal the target maximum (solar noon) day-•	
light illuminance level.
Evaluate winter maximum (solar noon); this number should no greater than twice (and •	
preferably 1.5 times) the solar peak.

Gym Toplighting—Glazing Area (Climate Zones: all)

There are two recommended approaches for gym toplighting. The first is to use a 
grid of skylights. This approach works well in overcast and cool climates. A horizontal 
daylighting FFR of about 4%–5% is suggested using diffusing or prismatic skylights 
with VLT of at least 60%. If possible, skylights should be splayed to reduce glare. 
Many smaller skylights are better than a few larger ones. As a rule, the maximum di-
mension of a skylight should be about one-fourth the skylight’s height above the floor. 
Use a point-by-point daylighting analysis tool (DL8) to determine the optimum size of 
the skylights. 

The second option is to use a south- or north-facing roof monitor with clerestory. A 
north-facing clerestory is relatively simple in all climates, but requires a fairly large glazed 
area (7%–10% of the floor area) to produce enough daylight. A south-facing clerestory can 
be smaller (5%–8% of the floor area), but it must be carefully designed with an overhang 
to shade direct summer sunlight and interior baffles to diffuse direct sunlight and prevent 
glare. High north or south wall daylighting patterns are not recommended, as glare can eas-
ily be produced that affects sports performance. Figures 5.14–5.16 show typical toplighted 
gymnasium floor plans.
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Figure 5.14. Typical 7600 ft2 gymnasium floor plan with four roof monitors.

Figure 5.15. Typical 7600 ft2 gymnasium floor plan with four roof monitors.

Figure 5.16. Typical 7600 ft2 gymnasium floor plan with skylights.



Technology Case Study: 
 R.D. and Euzelle P. Smith Middle School 

Chapel Hill, NC

The primary energy efficiency strategy used in the design of R.D. & Euzelle P. Smith Middle School in Chapel Hill, North Carolina, 

was daylighting. The school uses south-facing monitors to provide most of the daylighting in the classrooms, media center, 

and main corridor (see Figure S4.2). These monitors enable the electric lighting to be off most of the day, reducing peak cooling. 

Within the monitors are unevenly spaced fire-retardant, UV-resistant fabric baffles that help distribute the light uniformly and 

eliminate any potential glare problems (see Figure S4.3). The monitor allows hot air to stratify, keeping this air from entering the 

conditioned space of the room. 

Recessed windows on the exterior classroom walls are equipped with clear, low emissivity double glazing. South facing 

windows contain a light shelf above the view windows (see Figure S4.1), allowing more light to come into the classroom without 

glare. North-facing windows do not have light shelves. The white roofing (cool roof) material reflects additional light to the light 

monitors. This daylighting strategy reduced the cooling load by 19%, or 78 tons. 

As part of the daylighting system, the electric lighting system uses T8 lamps, dimming ballasts, and occupancy sensors, 

which add to the energy savings of the daylighting system. DOE-2 simulation models estimated a 64% reduction in electric light-

ing. Measured data show a reduction of 85% on sunny days and 60% on cloudy and partly cloudy days. 

Daylighting in the gymnasium is also provided by south-facing roof monitors with translucent fabric baffles in the light 

wells.  These features eliminate direct glare and effectively diffuse light throughout the space. Clear, double-pane glazing is used 

to maximize visible light transmittance and minimize glass to floor ratio.  Adequate overhangs over the monitor windows protect 

the spaces from direct light during peak cooling periods.

Figure S4.4. Gym toplighting.Figure S4.3. Classroom daylight monitors.

Figure S4.2 South-facing monitors.Figure S4.1 Exterior light shelves.
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Exterior Lighting 

The following recommendations are not included in the recommendation tables 
in Chapter 3 because parking lots and grounds are often beyond the control of the in-
dividual school. If designing for parking lots and grounds, follow recommendations 
EX1–4.

Exterior Lighting Power (Climate Zones: all)

Limit exterior lighting power to 0.15 W/ft2 for parking lot and grounds lighting. Cal-
culate only for paved areas, excluding grounds that do not require lighting.

Limit exterior decorative facade lighting to 0.2 W/ft2 of illuminated surface. This does 
not include lighting of walkways or entry areas of the building that may also light the 
building. Facade lighting can improve safety and security. Limit the lighting equipment 
mounting locations to the building and do not install floodlights onto nearby parking lot 
lighting poles. Use downward-facing lighting to comply with light trespass and light pol-
lution concerns. 

Sources (Climate Zones: all)

All general lighting luminaires should use pulse-start metal halide, fluorescent, induc-
tion, or compact fluorescent amalgam lamps with electronic ballasts.

Standard high-pressure sodium lamps are not recommended because of their reduced •	
visibility and poor color-rendering characteristics.
Incandescent lamps are not recommended.•	
For colder climates in climate zones 6–8, fluorescent lamps and CFLs must be speci-•	
fied with cold-temperature ballasts. Use CFL amalgams.

Parking Lighting (Climate Zones: all)

Parking-lot lighting locations should be coordinated with landscape plantings so that 
tree growth does not block effective lighting from pole-mounted luminaires.

Parking lot lighting should not be significantly brighter than lighting of the adjacent 
street. Follow IESNA RP-33-1999 recommendations for uniformity and illuminance 
recommendations.

Notes:

For parking lot and grounds lighting, do not increase luminaire wattage to use •	
fewer lights and poles. Increased contrast makes it harder to see at night be-
yond the immediate fixture location. Do not use floodlights and non-cutoff wall-
packs, as they cause hazardous glare and encroach on neighboring properties. 
Limit lighting in parking and drive areas to not more than 360 W pulse-start metal 
halide lamps at a maximum 25 ft mounting height in urban and suburban areas. 
Use cutoff luminaries that provide all light below the horizontal plane and help 
eliminate light trespass. 
Consider PV-powered, grid-independent parking lot lighting when trenching over 200 ft •	
is required to provide power to remote locations.

Good Design 
Practice

EX1

EX2

EX3
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Controls (Climate Zones: all)

Use an astronomical time switch for all exterior lighting. Astronomical time switches can 
retain programming and the time setting during loss of power for at least ten hours. If a build-
ing energy management system is being used to control and monitor mechanical and electrical 
energy use, it can also be used to schedule and manage outdoor lighting energy use.  Turn off 
exterior lighting not designated for security purposes when the building is unoccupied.
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HVAC

Although many types of HVAC systems could be used in K-12 schools, this Guide as-
sumes that one of the following six system types is to be used.

HV-1: Single-zone, packaged DX units (or split DX systems) with  indirect gas-fired •	
heaters, electric resistance heat, or heat pump
HV-2: WSHPs or GSHPs with a dedicated OA ventilation system•	
HV-3: Unit ventilators with a water chiller and a water boiler or electric resistance heat•	
HV-4: Fan coils with a water chiller and a water boiler or electric resistance heat and a •	
dedicated OA ventilation system
HV-5: Multiple-zone, VAV packaged DX rooftop units with a hot-water coil, indirect gas furnace, or •	
electric resistance in the rooftop unit and a hot-water coil or electric resistance in the VAV terminals.
HV-6: Multiple-zone, VAV air handlers with a water chiller and a hot-water coil, indirect •	
gas furnace, or electric resistance in the air handler and a hot-water coil or electric resis-
tance in the VAV terminals.

Unique recommendations are included for each HVAC system type in the climate-
specific tables in Chapter 3. Some system types, however, are not recommended for cer-
tain climate zones because of the impact of humidity on energy use.

This Guide does not cover purchased chilled water for cooling, or solar, steam, or pur-
chased steam for heating. These and other systems are alternative means that may be used 
to achieve the energy savings target of this Guide.

Single-Zone, Packaged DX Units (or Split DX Systems) (Climate Zones: all)

In this system, a separate packaged DX unit (or split DX system) is used for each 
thermal zone. This type of equipment is available in pre-established increments of capacity. 

EX4

Good Design 
Practice

HV1
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The components are factory designed and assembled and include outdoor-air and return-
air dampers, fans, filters, heating source, cooling coil, compressor, controls, and air-cooled 
condenser. The heating source is provided by either an indirect-fired gas burner, electric 
resistance heat, or by reversing the refrigeration circuit to operate the unit as a heat pump. 
Gas heaters are part of the factory assembled unit. Electric resistance heaters can be part of 
the factory-assembled unit or can be installed in the duct system. Heat pump units may also 
use an auxiliary heat source (typically electric resistance heat) during the defrost cycle.

The components can be assembled as a single package (such as a rooftop unit) or 
a split system that separates the evaporator and condenser/compressor sections. Single 
packaged units are typically mounted on the roof or at grade level outdoors. Split sys-
tems generally have the indoor unit (including fan, filters, and coils) located indoors 
or in an unconditioned space, and the condensing unit located outdoors on the roof or 
at grade level. On smaller systems, the fan is commonly incorporated in an indoor fur-
nace section. The indoor unit may also be located outdoors; if so, it should be mounted 
on the roof to avoid installing ductwork outside the building envelope. The equipment 
should be located to meet the acoustical goals of the space, while minimizing fan 
power, ducting, and wiring. 

Performance characteristics vary among manufacturers, and the selected equipment 
should match the calculated heating and cooling loads (sensible and latent), also taking 
into account the importance of providing adequate dehumidification under part-load con-
ditions (see HV8). The equipment should be listed as being in conformance with electri-
cal and safety standards with its performance ratings certified by a nationally recognized 
certification program.

The cooling equipment, heating equipment, and fans should meet or exceed the ef-
ficiency levels listed in the climate-specific tables in Chapter 3. The cooling equipment 
should also meet or exceed the part-load efficiency level, where shown.

Water-Source (or Ground-Source) Heat Pumps (Climate Zones: all)

In this system, a separate WSHP is used for each thermal zone. This type of equipment is 
available in pre-established increments of capacity. The components are factory-designed and 
assembled and include a filter, fan, refrigerant-to-air heat exchanger, compressor, refrigerant-
to-water heat exchanger, and controls. The refrigeration cycle is reversible, allowing the same 
components to provide cooling or heating.

Individual WSHPs are typically mounted in the ceiling plenum over the corridor (or 
some other noncritical space) or in a closet next to the occupied space. The equipment 
should be located to meet the acoustical goals of the space and minimize fan power, duct-
ing, and wiring. This may require that the WSHPs be located outside of the space.

In a traditional WSHP system, all the heat pumps are connected to a common water 
loop. A cooling tower and a hot water boiler are also installed in this loop to maintain the 
temperature of the water within a desired range.

A variation of this system takes advantage of the Earth’s relatively constant tempera-
ture, and uses the ground instead of the cooling tower and boiler. GSHP systems (see AS3) 
do not actually get rid of heat, they store it in the ground for use at a different time. During 
the summer, the heat pumps extract heat from the building and transfer it to the ground. 
When the building requires heating, this stored heat can be recaptured from the ground. In 
a perfectly balanced system, the amount of heat stored over a given period of time would 
equal the amount of heat retrieved. This offers the potential to reduce (or eliminate) the 
energy used by a cooling tower and/or boiler, but installation costs may be higher because 
of the geothermal heat exchanger.

OA is conditioned and delivered by a separate dedicated ventilation system. This may 
involve ducting the outdoor air directly to each heat pump, delivering it in close proximity 

HV2
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to the heat pump intakes, or ducting it directly to the occupied spaces. Depending on the 
climate, the dedicated OA unit may include components to filter, cool, heat, dehumidify, or 
humidify the OA (see HV12).

The cooling equipment, heating equipment, and fans should meet or exceed the ef-
ficiency levels listed in the climate-specific tables in Chapter 3. The cooling equipment 
should also meet or exceed the part-load efficiency level, where shown.

Unit Ventilators (Climate Zones:                                                  )

In this system, a separate unit ventilator is used for each thermal zone. The compo-
nents are factory-designed and assembled and include OA- and return-air dampers, filters, 
a fan, heating and cooling coils, and controls.

Unit ventilators are typically installed in each conditioned space or in the ceiling ple-
num above the corridor (or in some other noncritical space). However, the equipment should 
be located to meet the acoustical goals of the space; fan power, ducting, and wiring should 
be minimized. This may require that the unit ventilators be located outside the space.

All the unit ventilators are connected to a common water distribution system. Cooling 
is provided by a centralized water chiller. Heating is provided by a centralized boiler or by 
electric resistance heat located inside each unit ventilator.

OA is brought in through each unit ventilator, providing the opportunity for air-side 
economizer cooling. The selected equipment should match the calculated heating and cool-
ing loads (sensible and latent), taking into account the importance of providing adequate 
dehumidification under part-load conditions (see HV8).

The cooling equipment, heating equipment, and fans should meet or exceed the ef-
ficiency levels listed in the climate-specific tables in Chapter 3. The cooling equipment 
should also meet or exceed the part-load efficiency level, where shown.

Fan-Coils (Climate Zones: all)

In this system, a separate fan-coil unit is used for each thermal zone. The components 
are factory-designed and assembled and include filters, a fan, heating and cooling coils, 
controls, and possibly OA- and return-air dampers.

Fan-coils are typically installed in each conditioned space, in the ceiling plenum above 
the corridor (or some other noncritical space), or in a closet adjacent to the space. However, 
the equipment should be located to meet the acoustical goals of the space; fan power, duct-
ing, and wiring should be minimized. This may require that the fan coils be located outside 
of the space.

All the fan-coils are connected to a common water distribution system. Cooling is 
provided by a centralized water chiller. Heating is provided by either a centralized boiler or 
by electric resistance heat located inside each fan-coil.

OA is conditioned and delivered by a separate dedicated ventilation system. This may 
involve ducting the outdoor air directly to each fan-coil or ducting it directly to the occu-
pied spaces. Depending on the climate, the dedicated outdoor-air unit may include compo-
nents to filter, cool, heat, dehumidify, or humidify the outdoor air (see HV12).

The cooling equipment, heating equipment, and fans should meet or exceed the ef-
ficiency levels listed in the climate-specific tables in Chapter 3. The cooling equipment 
should also meet or exceed the part-load efficiency level, where shown.

Multiple-Zone, VAV Packaged DX Rooftop Units (Climate Zones: all)

In this system, a packaged DX rooftop unit serves several individually controlled 
zones. Each thermal zone has a VAV terminal unit that is controlled to maintain tempera-
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ture in that zone. The components of the rooftop unit are factory-designed and assembled 
and include OA- and return-air dampers, filters, fans, cooling coil, heating source, com-
pressors, condenser, and controls. The components of the VAV terminal units are factory-
designed and assembled and include an airflow-modulation device, controls, and possibly 
a heating coil, fan, or filter.

VAV terminal units are typically installed in the ceiling plenum above the occupied 
space or adjacent corridor. However, the equipment should be located to meet the acousti-
cal goals of the space; fan power, ducting, and wiring should be minimized.

All the VAV terminal units served by each rooftop unit are connected to a common 
air distribution system (see HV20). Cooling is provided by the centralized rooftop unit. 
Heating is typically provided by an indirect-fired gas burner, a hot water coil, or an elec-
tric resistance heater inside the rooftop unit, individual heating coils (hot-water or electric 
resistance) located inside the VAV terminal units, or perimeter radiant heat located in the 
occupied space.

The cooling equipment, heating equipment, and fans should meet or exceed the ef-
ficiency levels listed in the climate-specific tables in Chapter 3. The cooling equipment 
should also meet or exceed the part-load efficiency level, where shown.

For VAV systems, the minimum supply airflow to a zone must comply with local code, 
and the current versions of ANSI/ASHRAE Standard 62.1, Ventilation for Acceptable In-
door Air Quality (for minimum OA flow) and ASHRAE Standard 90.1 (for minimum turn-
down before reheat is activated).

Multiple-Zone, VAV Air Handlers (Climate Zones: all)

In this system, a central air handler serves several individually controlled zones. Each 
thermal zone has a VAV terminal unit that is controlled to maintain temperature in that 
zone. The components of the VAV air handler include OA- and return-air dampers, filters, 
fans, cooling coil, heating source, and controls. The components of the VAV terminal units 
are factory designed and assembled and include an airflow modulation device, controls, 
and possibly a heating coil, fan, or filter.

VAV terminal units are typically installed in the ceiling plenum above the occupied 
space or adjacent corridor. However, the equipment should be located to meet the acousti-
cal goals of the space; fan power, ducting, and wiring should be minimized.

All the VAV terminal units served by each air handler are connected to a common 
air distribution system (see HV20). All the air handlers are connected to a common water 
distribution system. Cooling is provided by the centralized water chiller. Heating is typi-
cally provided by an indirect-fired gas burner, a hot-water coil, or an electric resistance 
heater located inside the VAV air handler; individual heating coils (hot water or electric 
resistance) located inside the VAV terminal units; or perimeter radiant heat located in the 
occupied space.

The cooling equipment, heating equipment, and fans should meet or exceed the ef-
ficiency levels listed in the climate-specific tables in Chapter 3. The cooling equipment 
should also meet or exceed the part-load efficiency level, where shown.

For VAV systems, the minimum supply airflow to a zone must comply with local code, 
and the current versions of ASHRAE Standards 62.1 (for minimum outdoor airflow) and 
90.1 (for minimum turndown before reheat is activated).

Cooling and Heating Load Calculations (Climate Zones: all)

Accurate sizing of equipment leads to lower equipment costs, lower utility costs, better 
dehumidification performance, and more comfortable conditions.

Design cooling and heating loads must be calculated in accordance with generally ac-
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cepted engineering standards and handbooks, such as the methods described in Chapter 30 in 
the 2005 ASHRAE Handbook—Fundamentals. Safety factors should be applied cautiously to 
prevent oversizing of equipment. Oversized cooling equipment has limited ability to reduce 
capacity at part-load conditions, which causes short-cycling of compressors. This, in turn, 
limits the system’s ability to dehumidify (see HV8). It can also result in large changes in 
supply-air temperature, which may affect occupant comfort.

Cooling and heating loads of OA must be included in the load calculations, as well 
as accurate lighting and plug loads. Separate load calculations must be performed on each 
thermal zone type, and on each occupancy/activity zone type.

Part-Load Dehumidification (Climate Zones: all)

Most basic, constant-volume systems (small packaged rooftop units, DX split sys-
tems, fan-coils, WSHPs, etc.) supply a zone with a constant amount of air regardless of 
the cooling load. The system must deliver warmer air under part-load conditions to avoid 
overcooling the space.

In a typical chilled-water application, a modulating valve reduces system capacity by 
throttling the water flow rate through the cooling coil. The warmer coil surface that results 
provides less sensible cooling (raising the supply-air dry-bulb temperature), but it also re-
moves less moisture from the passing airstream (raising the supply-air dew point).

In a typical DX application, the compressor cycles off regularly to avoid overcooling. 
As the compressor operates for a smaller percentage of the hour, dehumidification capac-
ity decreases significantly. The compressor does not run long enough for the accumulated 
condensate to fall into the drain pan, and it stays off for longer periods of time, allowing the 
remaining moisture on the coil surface to re-evaporate while the fan continues to run.

Briefly stated, a basic constant-volume system matches sensible capacity to the sen-
sible load; dehumidification capacity is coincidental. As the load diminishes, the system 
delivers ever warmer supply air. Some dehumidification may occur, but only if the sensible 
load is high enough. As a result, the space relative humidity will tend to increase under 
part-load conditions. Therefore, select systems that minimize the number of hours that the 
space relative humidity remains above 60%. Following are some (but not all) of the pos-
sible methods for improving part-load dehumidification.

For Single-Zone, Packaged Units or Split DX Systems (see HV1). Packaged rooftop units 
(or split DX systems) could be equipped with reheat (using heat recovered from the refrig-
eration circuit) for direct control of space humidity. Alternatively, a dedicated OA system 
(see HV12) could be added and designed to dehumidify the OA so that it is dry enough (low 
enough dew point) to offset the latent loads in the spaces. This helps avoid high indoor hu-
midity levels without additional dehumidification enhancements in the local DX units.

For WSHPs or GSHPs (see HV2). The dedicated OA system (see HV12) should be de-
signed to dehumidify the OA so that it is dry enough (low enough dew point) to offset the 
latent loads in the spaces. This helps avoid high indoor humidity levels without additional 
dehumidification enhancements in the WSHP units. Alternatively, some WSHPs could be 
equipped with hot gas reheat for direct control of space humidity.

For Unit Ventilators (see HV3). Unit ventilators could be equipped with multiple-
speed fans or face-and-bypass dampers for improved part-load dehumidification or with a 
reheat coil for direct control of space humidity. Consider using recovered heat when using 
reheat. Alternatively, a dedicated OA system (see HV12) could be added and designed to 
dehumidify the OA so that it is dry enough (low enough dew point) to offset the latent loads 
in the spaces. This helps avoid high indoor humidity levels without additional dehumidifi-
cation enhancements in the unit ventilators.

For Fan-Coil Units (see HV4). The dedicated OA system (see HV12) should be 
designed to dehumidify the OA so that it is dry enough (low enough dew point) to off-
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set the latent loads in the spaces. This helps avoid high indoor humidity levels without 
additional dehumidification enhancements in the fan-coil units. Alternatively, fan-coils 
could be equipped with multiple-speed fans for improved part-load dehumidification 
or a reheat coil for direct control of space humidity. Consider using recovered heat 
when using reheat.

For Multiple-Zone, Packaged VAV Rooftop Units (see HV5). VAV systems typically 
dehumidify effectively over a wide range of indoor loads, as long as the VAV rooftop unit 
continues to provide cool, dry air at part-load conditions. One caveat: use caution when 
resetting the supply air temperature (SAT) during the cooling season. Warmer supply air 
means less dehumidification at the coil and higher humidity in the space. If SAT reset is 
used, include one or more zone humidity sensors to disable the reset if the relative humidity 
within the space exceeds 60%.

For Multiple-Zone, VAV Air Handlers (see HV6). VAV systems typically dehumidify 
effectively over a wide range of indoor loads, as long as the VAV rooftop unit continues to 
provide cool, dry air at part-load conditions. One caveat: use caution when resetting the 
SAT or chilled water (CHW) temperature during the cooling season. Warmer supply air (or 
water) means less dehumidification at the coil and higher humidity in the space. If SAT or 
CHW reset is used in a humid climate, include one or more zone humidity sensors to dis-
able reset if the relative humidity within the space exceeds 60%.

Exhaust Air Energy Recovery (Climate Zones: all)

Exhaust air energy recovery can provide an energy-efficient means of reducing the 
latent and sensible outdoor air cooling loads during peak summer conditions. It can also 
reduce the outdoor air heating load in mixed and cold climates. HVAC systems that use 
exhaust air energy recovery should be resized to account for the reduced outdoor air heat-
ing and cooling loads (see ASHRAE Handbook—HVAC Systems and Equipment).

For some HVAC system types, the climate-specific tables in Chapter 3 recommend 
either exhaust air energy recovery or DCV. If the energy recovery option is selected, this 
device should have a total effectiveness of at least 50% for A climate zones (humid) or a 
sensible effectiveness of at least v50% for B climate zones (dry). There is no recommenda-
tion for energy recovery for C climate zones (marine).

Sensible energy recovery devices transfer only sensible heat. Common examples include 
coil loops, fixed-plate heat exchangers, heat pipes, and sensible energy rotary heat exchangers 
(sensible energy wheels). Total energy recovery devices not only transfer sensible heat, but 
also moisture (or latent heat); that is, energy stored in water vapor in the airstream. Common 
examples include total energy rotary heat exchangers (also known as total energy wheels or 
enthalpy wheels) and fixed-membrane heat exchangers (see Figure 5.17).

An exhaust-air energy recovery device can be packaged in a separate energy recovery 
ventilator (ERV) that conditions the outdoor air before it enters the air-conditioning unit, or 
the device can be integral to the air-conditioning unit.

For maximum benefit, the system should provide as close to balanced outdoor and ex-
haust airflows as is practical, taking into account the need for building pressurization and 
any exhaust that cannot be ducted back to the energy recovery device.

Exhaust for energy recovery may be taken from spaces requiring exhaust (using a 
central exhaust duct system for each unit) or directly from the return airstream (as with a 
unitary accessory or integrated unit). (See also HV15, “Exhaust Air Systems.”)

Where an air-side economizer is used along with an ERV, add bypass dampers (or a 
separate OA path) to reduce the air-side pressure drop during economizer mode. In addi-
tion, the ERV should be turned off during economizer mode, to avoid adding heat to the 
outdoor airstream. Where energy recovery is used without an air-side economizer, the ERV 
should be controlled to prevent the transfer of unwanted heat to the outdoor airstream dur-
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Figure 5.17. Examples of exhaust air energy recovery devices.
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ing mild outdoor conditions.  In cold climates, follow the manufacturer’s recommendations 
for frost prevention.

HV Cooling and Heating Equipment Efficiencies (Climate Zones: all)

The cooling and heating equipment should meet or exceed the efficiency levels listed 
in the climate-specific tables in Chapter 3. The cooling equipment should also meet or ex-
ceed the part-load efficiency level where shown. In some cases, recommended equipment 
efficiencies are based on system size (capacity).

There are many factors in making a decision whether to use gas or electricity, such as avail-
ability of service, utility costs, operator familiarity, and impact of source energy use. Efficiency 
recommendations for both types of equipment are provided to allow the user to choose.

Ventilation Air (Climate Zones: all)

The zone-level outdoor airflows, and the system-level intake airflow, should be deter-
mined based on the current version of ASHRAE Standard 62.1, but should not be less than 
the values required by local code unless approved by the authority with jurisdiction. The 
number of people used in computing the breathing zone ventilation rates should be based on 
known occupancy, local code, or the default values listed in ASHRAE Standard 62.1.

For Single-Zone, Packaged Units, or Split DX Systems (see HV1). Each pack-
aged DX unit (or indoor unit of a split DX system) should have an OA connection 
through which OA is introduced and mixes with the recirculated air. The OA can be 
mixed with the recirculated air either in the ductwork prior to the air-conditioning or 
heat pump unit, or at the unit’s mixing plenum. In either case, the damper and duct/
plenum should be arranged to promote mixing and to minimize temperature strati-
fication. Alternatively, a dedicated OA system (see HV12) could be used to deliver 
OA directly to each zone or to each individual packaged unit (or indoor unit in a split 
DX system).

For WSHPs or GSHPs (see HV2). The dedicated OA system (see HV12) should 
deliver the conditioned OA directly to each zone, to the intake of each individual heat 
pump (where it mixes with recirculated air, either in the ductwork prior to the heat 
pump or in a mixing plenum attached to the heat pump), or to the supply side of each 
WSHP (where it mixes with supply air from the heat pump before being delivered to 
the zone).

For Unit Ventilators (see HV3). Each unit ventilator should have an OA connection 
through which OA is introduced and mixes with the recirculated air. The dampers should 
be arranged to promote mixing and to minimize temperature stratification. Alternatively, a 
dedicated OA system (see HV12) could be used to deliver OA directly to each zone or to 
each individual unit ventilator.

For Fan-Coil Units (see HV4). The dedicated OA system (see HV12) should deliver 
the conditioned OA directly to each zone, to the intake of each individual fan-coil (where 
it mixes with recirculated air, either in the ductwork prior to the fan-coil or in a mixing 
plenum attached to the fan-coil), or to the supply side of each fan-coil (where it mixes with 
supply air from the fan-coil before being delivered to the zone).

For Multiple-Zone, Packaged VAV Rooftop Units (see HV5). Each rooftop unit 
should have an OA intake through which OA is introduced and mixes with the recir-
culated air, prior to being delivered to the zones. Alternatively, a dedicated OA system 
(see HV12) could be used to deliver OA directly to each zone, to individual dual-duct 
VAV terminals that serve each zone, or to the OA intake of one or more packaged VAV 
rooftop units.
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For Multiple-Zone, VAV Air Handlers (see HV6). Each VAV air handler should have an 
OA intake through which OA is introduced and mixes with the recirculated air, prior to be-
ing delivered to the zones. Alternatively, a dedicated OA system (see HV12) could be used 
to deliver OA directly to each zone, to individual dual-duct VAV terminals that serve each 
zone, or to the OA intake of one or more VAV air handlers.

Notes:

The occupant load, or exit population, used for egress design to comply with the fire •	
code is typically much higher than the zone population used for ventilation system 
design. Using occupant load, rather than zone population, to calculate ventilation re-
quirements can result in significant overventilation, oversized HVAC equipment, and 
excess energy use.
Buildings with multiple-zone, recirculating ventilation systems (MZS) can be designed to •	
account for recirculated OA, as well as system population diversity (D), using the equations 
found in ASHRAE Standard 62.1. In effect, the MZS design approach allows ventilation air 
to be calculated on the basis of how many people are in the building (system population at 
design) rather than the sum of how many people are in each space (sum-of-peak zone popu-
lation at design). This can reduce the energy required to condition ventilation air in K-12 
schools. Refer to the Standard 62.1 User’s Manual (ASHRAE 2007) for specific guidance.
For all zones, time-of-day schedules in the BAS should be used to introduce ventila-•	
tion air only when a zone is expected to be occupied.

Dedicated Outdoor Air Systems (Climate Zones: all)

Dedicated outdoor air systems (DOAS) can reduce energy use by decoupling the heat-
ing, cooling, and dehumidification of OA for ventilation from sensible cooling and heating in 
the zone. The OA is conditioned by a separate dedicated OA unit that is designed to heat, cool, 
and dehumidify the OA, and to deliver it dry enough to offset space latent loads (Mumma and 
Shank 2001). Terminal HVAC equipment, which is located in or near each space, heats or cools 
recirculated indoor air to maintain space temperature. Terminal equipment may include fan-
coil units, WSHPs, zone-level air handlers, radiant cooling panels, fan-powered VAV terminals, 
or a dual-fan, dual-duct arrangement. Dedicated OA systems can also be used in conjunction 
with multiple-zone recirculating systems, in which the ventilation system is sized based on 
ASHRAE Standard 62.1.

Consider delivering the conditioned OA cold (not reheated to neutral) whenever 
possible, and use recovered energy to reheat only when needed. Providing cold (rather 
than neutral) air from the dedicated OA unit offsets a portion of the space sensible cool-
ing loads, allowing the terminal HVAC equipment to be downsized and use less energy. 
In addition, implementing system-level control strategies and exhaust air energy recovery 
(see HV9) can help minimize energy use.

There are many possible DOAS configurations (see Figure 5.18 for a few typical 
ones). The salient energy-saving feature of dedicated OA systems is the separation of 
ventilation air conditioning from zone air conditioning.

Economizer (Climate Zones:                                              )

Economizers, when recommended, help save energy by providing free cooling when 
ambient conditions are suitable to meet all or part of the cooling load. In humid climates, 
consider using enthalpy-based controls (versus dry-bulb temperature controls) to help ensure 
that unwanted moisture is not introduced into the space. Economizers are not recommended 
in climate zone 1, but there may be some applicability in dry areas in climate zone 2. 

HV12
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Non-dedicated OA systems should be capable of modulating the OA, return 
air, and relief air dampers to provide up to 100% of the design supply air quan-
tity as OA for cooling. (See HV12 for discussion of DOAS.) A motorized outdoor 
air damper should be used instead of a gravity damper to prevent unwanted OA 
from entering during the unoccupied periods when the unit may recirculate air 
to maintain setback or setup temperatures. The motorized OA damper for all cli-
mate zones should be closed during the entire unoccupied period, except when it 
may open in conjunction with an unoccupied economizer or pre-occupancy purge 
cycle.

Figure 5.18. Examples of DOAS configurations.
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Periodic maintenance is important with economizers, as dysfunctional economizers 
can cause substantial excess energy use because of malfunctioning dampers or sensors 
(see HV30).

Demand-Controlled Ventilation (Climate Zones: all)

DCV can reduce the energy required to condition OA for ventilation. To main-
tain acceptable IAQ, the setpoints (limits) and control sequence must comply with 
ASHRAE Standard 62.1. Refer to the Standard 62.1 User’s Manual (ASHRAE 2007) 
for specific guidance.

For some HVAC system types, the climate-specific tables in Chapter 3 recom-
mend either exhaust air energy recovery or DCV. If the DCV option is selected, the 
controls should vary the amount of OA in response to the need in a zone. The amount 
of OA could be controlled by (1) a time-of-day schedule in the BAS; (2) an occu-
pancy sensor (such as a motion detector) that indicates when a zone is occupied or 
unoccupied; or (3) a CO

2
 sensor, as a proxy for ventilation airflow per person, that 

measures the change in CO
2
 level in a zone relative to the level in the OA. A con-

troller will then operate the OA, return air, and relief air dampers to maintain proper 
ventilation.

CO
2
 sensors should be used in zones that are densely occupied, with highly variable 

occupancy patterns during the occupied period, such as gymnasiums, auditoriums, multi-
purpose spaces, cafeterias, and some classrooms. For the other zones, occupancy sensors 
should be used to reduce ventilation when a zone is temporarily unoccupied. For all zones, 
time-of-day schedules in the BAS should be used to introduce ventilation air only when a 
zone is expected to be occupied.

Multiple-zone, recirculating systems (such as VAV systems) require special attention 
to ensure adequate OA is supplied to all zones under varying loads. Employing DCV in a 
DOAS requires an automatic damper and sensor for each DCV zone.

Selection of the CO
2
 sensors is critical in both accuracy and response ranges. 

CO
2
 sensors should be certif ied by the manufacturer to have an error of 75 ppm or 

less and be factory calibrated. Inaccurate CO
2
 sensors can cause excessive energy 

use or poor IAQ, so they need to be calibrated as recommended by the manufacturer 
(see HV30).

Finally, when DCV is used, the system controls should prevent negative building 
pressure. If the amount of air exhausted remains constant while the intake airflow de-
creases, the building may be under a negative pressure relative to outdoors. When air 
is exhausted directly from the zone (art or vocational classrooms, science laboratories, 
kitchens, locker rooms, or even a classroom with a restroom connected to it), the DCV 
control strategy must avoid reducing intake airflow below the amount required to replace 
the air being exhausted.

Exhaust Air Systems (Climate Zones: all)

Zone exhaust airflows (for restrooms, janitorial closets, science laboratories, kitchens, 
art and vocational classrooms, locker rooms, etc.) should be determined based on the cur-
rent version of ASHRAE Standard 62.1, but should not be less than the values required by 
local code unless approved by the authority having jurisdiction.

Central exhaust systems for restrooms, janitorial closets, and locker rooms should be 
interlocked to operate with the air-conditioning system, except during unoccupied periods. 
Such a system should have a motorized damper that opens and closes with the operation 
of the fan. The damper should be located as close as possible to the duct penetration of the 
building envelope to minimize conductive heat transfer through the duct wall and avoid 
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having to insulate the entire duct. During unoccupied periods, it should remain closed and 
the exhaust fan turned off, even if the air-conditioning system is operating to maintain set-
back or setup temperatures. Consider designing exhaust ductwork to facilitate recovery of 
energy (see HV9) from Class 1 and Class 2 (e.g., restrooms) exhaust air, per the require-
ments of ASHRAE Standard 62.1.

Kitchens will generally have separate exhaust and make-up air systems according 
to the use of the kitchen and to the equipment manufacturers’ suggestions. If showers 
are provided in locker rooms, exhaust must be increased during use and will gener-
ally require separate air intake (intake hood or make-up air unit). Science laboratories 
should have exhaust systems if noxious chemicals or preservatives are used. Make-up 
air will be necessary to prevent room pressure from becoming negative with respect to 
the outside.

Ductwork Design and Construction (Climate Zones: all)

Low-energy use ductwork design involves short, direct, and low pressure drop runs. 
The number of fittings should be minimized and should be designed with the least amount 
of turbulence produced. (In general, the first cost of a duct fitting is approximately the same 
as 12 ft of straight duct that is the same size as the upstream segment.) Unwanted noise in 
the ductwork is a direct result of air turbulence. Round duct is preferred over rectangular 
duct. However, space (height) restrictions may require flat oval ductwork to achieve the low 
turbulence qualities of round ductwork.

Air should be ducted through low-pressure ductwork with a system pressure 
classification of less than 2 in. of water. Rigid ductwork is necessary to maintain low 
pressure loss and reduce fan energy. Supply air should be ducted to diffusers in each 
individual space. 

In general, the following sizing criteria should be used for duct system components:

Diffusers and registers, including balancing dampers, should be sized with a static •	
pressure drop no greater than 0.08 in. of water.
Supply ductwork should be sized with a pressure drop no greater than 0.08 in. of water •	
per 100 linear ft of duct run. Return ductwork should be sized with a pressure drop no 
greater than 0.04 in. of water and exhaust ductwork with a pressure drop no greater 
than 0.05 in. of water.
Flexible ductwork should be of the insulated type and should be as follows:•	

Limited to connections between duct branch and diffusers•	
Limited to connections between duct branch and VAV terminal units •	
Limited to 5 ft (fully stretched length) or less •	
Installed without any kinks •	
Installed with a durable elbow support when used as an elbow•	
Installed with no more that 15% compression from fully stretched length•	

Hanging straps, if used, need to use a saddle to avoid crimping the inside cross-sectional 
area. For ducts 12 in. or smaller in diameter, use a 3 in. saddle; for those larger than 12 in. 
use a 5 in. saddle. 

Long-radius elbows and 45° lateral take-offs should be used wherever possible. 
The angle of a reduction transition should be no more that 45° (if one side used) or 
22.5° (if two sides are used). The angle of expansion transitions should be no more than 
15° (laminar air expands approximately 7°).

Air should be returned or exhausted through appropriately placed grilles. Good prac-
tice is to direct supply air diffusers toward the exterior envelope and to locate return air 
grilles near the interior walls, close to the door.
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Returning air to a central location (as in a multiple-zone, recirculating system) is 
necessary to reap the benefits of reducing ventilation air due to system population diver-
sity (see HV11). Fully ducted return systems are expensive and must be connected to a 
single air handler (or the return ducts must be interconnected) to function as a multiple-
zone recirculating system. Open plenum return systems are less expensive, but must be 
carefully designed and constructed to prevent infiltration of humid air from outdoors 
(Harriman 2001).

The ceiling plenum must also be well sealed to minimize air infiltration. Infiltration can 
be reduced by using a relief fan to maintain plenum pressure at about 0.05 in. of water higher 
than atmospheric pressure (see HV27), and lowering indoor humidity levels can reduce the 
risk of condensation (see HV8 and HV12). In addition, exhaust duct systems should be prop-
erly sealed to prevent infiltration.

Note:

Plenum return systems in school buildings that have sloped roofs and eaves in cold, •	
snowy climates requires special attention to insulation between the plenum and the 
roof. It must be continuous and well sealed. Leakage of warm air from the plenum to 
the roof can melt snow and form ice dams on the eaves. This can cause water to seep 
into the structure.
Ductwork should not be installed outside the building envelope. Ductwork connected •	
to rooftop units should enter or leave the unit through an insulated roof curb around 
the perimeter of the unit’s footprint. Flexible duct connectors should be used to prevent 
sound transmission and vibration.
Duct board should be airtight (duct seal level B, from ASHRAE Standard 90.1) and •	
should be taped and sealed with products that maintain adhesion (such as mastic or 
foil-based tape). 
Duct static pressures should be designed, and equipment and diffuser selections should •	
be selected, not to exceed noise criteria for the space (see HV29 for additional infor-
mation on noise control).

Duct Insulation (Climate Zones: all)

The following ductwork should be insulated:

All supply air ductwork•	
All return air ductwork located above the ceiling and below the roof•	
All outdoor air ductwork•	
All exhaust and relief air ductwork between the motor-operated damper and penetration •	
of the building exterior

In addition, all airstream surfaces should be resistant to mold growth and resist erosion, 
according to the requirements of ASHRAE Standard 62.1.

Exception: In conditioned spaces without a finished ceiling, only the supply air main ducts and 
major branches should be insulated. Individual branches and run-outs to diffusers in the space being 
served do not need to be insulated, except where it may be necessary to prevent condensation.

Duct Sealing and Leakage Testing (Climate Zones: all)

The ductwork should be sealed for Seal Class B from ASHRAE Standard 90.1. All duct 
joints should be inspected to ensure they are properly sealed and insulated, and the duct-
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work should be leak-tested at the rated pressure. The leakage should not exceed the allowable 
cfm/100 ft2 of duct area for the seal and leakage class of the system’s air quantity apportioned 
to each section tested. See HV22 for guidance on ensuring the air system performance.

Fan Motor Efficiencies (Climate Zones: all)

Motors for fans 1 hp or greater should meet National Electrical Manufacturers Asso-
ciation (NEMA) premium efficiency motor guidelines when available. 

Fan systems should meet or exceed the efficiency levels listed in the climate-specific 
tables in Chapter 3. Depending on the HVAC system type, the efficiency level is expressed 
in terms of either a maximum horsepower (hp) per 1000 cfm of supply air or a maximum 
external static pressure (ESP) loss (for systems with integral, terminal fans).

Thermal Zoning (Climate Zones: all)

K-12 school buildings should be divided into thermal zones based on building size, 
orientation, space layout and function, and after-hours use requirements. 

Zoning can also be accomplished with multiple HVAC units or a central system that 
provides independent control for multiple zones. The temperature sensor for each zone 
should be installed in a location that is representative of that entire zone.

When using a multiple-zone system (such as a VAV system) or a DOAS, avoid us-
ing a single air handler (or rooftop unit) to serve zones that have significantly different 
occupancy patterns. Using multiple air handlers allows air handlers serving unused 
areas of the building to be shut off, even when another area of the building is still in 
use. An alternate approach is to use the BAS to define separate operating schedules for 
these areas of the building, thus shutting off airflow to the unused areas while continu-
ing to provide comfort and ventilation to areas of the building that are still in use.

System-Level Control Strategies (Climate Zones: all)

Control strategies can be designed to help reduce energy. Having a setback tem-
perature for unoccupied periods during the heating season or a setup temperature dur-
ing the cooling season can help to save energy by avoiding the need to operate heating, 
cooling, and ventilation equipment. Programmable thermostats allow each zone to vary 
the temperature setpoint based on time of day and day of the week. But they also allow 
occupants to override these setpoints or ignore the schedule altogether (by using the 
“hold” feature), which thwarts any potential for energy savings. A more sustainable 
approach is to equip each zone with a zone temperature sensor and then use a system-
level controller that coordinates the operation of all components of the system. This 
system-level controller contains time-of-day schedules that define when different areas 
of the building are expected to be unoccupied. During these times, the system is shut 
off and the temperature is allowed to drift away from the occupied setpoint.

A pre-occupancy ventilation period can help purge the building of contaminants that 
build up overnight from the off-gassing of products and packaging materials. When it is 
cool at night, it can also help pre-cool the building. In humid climates, however, care should 
be taken to avoid bringing in humid OA during unoccupied periods.

Optimal start uses a system-level controller to determine the length of time required to 
bring each zone from the current temperature to the occupied setpoint temperature. Then, the 
controller waits as long as possible before starting the system, so that the temperature in each 
zone reaches occupied setpoint just in time for occupancy. This strategy reduces the number 
of hours that the system needs to operate, and saves energy by avoiding the need to maintain 
the indoor temperature at occupied setpoint even though the building is unoccupied.

HV19

HV20

HV21



chApter 5—how to implement recommendAtions | 145 

CHW reset can reduce chiller energy use at part-load conditions. But it should be used only 
in a constant-flow (not variable-flow) pumping system, and it should be disabled when the out-
door dew point is above 55°F (for example) or if space humidity levels rise about 60% RH.

In a VAV system, SAT reset should be implemented to minimize overall system energy 
use. This requires considering the trade-off between compressor, reheat, and fan energy, as 
well as the impact on space humidity levels. If SAT reset is used in a humid climate, include 
one or more zone humidity sensors to disable reset if the RH in the space exceeds 60%.

Testing, Adjusting, and Balancing (Climate Zones: all)

After the system has been installed, cleaned, and placed in operation, the system should 
be tested, adjusted, and balanced in accordance with ASHRAE Standard 111, Practices for 
Measurement, Testing, Adjusting, and Balancing of Building Heating, Ventilation, Air-Condi-
tioning, and Refrigeration Systems or SMACNA’s Testing, Adjusting and Balancing manual. 

This procedure will help to ensure that the correctly sized diffusers, registers, and 
grilles have been installed, that each space receives the required airflow, and that the fans 
meet the intended performance. The balancing subcontractor should certify that the instru-
ments used in the measurement have been calibrated within 12 months before use.  A writ-
ten report should be submitted for inclusion in the O&M manuals.

Commissioning (Climate Zones: all)

After the system has been installed, cleaned, and placed in operation, the system should be 
commissioned to ensure that the equipment meets the intended performance and that the con-
trols operate as intended. See Appendix B, “Commissioning,” for more information on Cx.

Filters (Climate Zones: all)

Particulate air filters are typically included as part of the factory-assembled HVAC 
equipment and should be at least MERV 8, based on ANSI/ASHRAE Standard 52.2, Meth-
od of Testing General Ventilation Air-Cleaning Devices for Removal Efficiency by Particle 
Size. Use a filter differential pressure gauge to monitor the pressure drop across the filters 
and send an alarm if the predetermined pressure drop is exceeded. Filters should be re-
placed when the pressure drop exceeds the filter manufacturer’s recommendations for re-
placement, or when visual inspection indicates the need for replacement. The gauge should 
be checked and the filter should be visually inspected at least once each year.

If high-efficiency filters are to be used, consider using lower-efficiency filters during 
the construction period. When construction is complete, all filters should be replaced be-
fore the building is occupied.

Chilled-Water System (Climate Zones: all)

CHW systems can be an efficient way to move energy around the building, and with the 
load profile of many K-12 schools, they can be a great way to combine a thermal storage system 
(see AS4). CHW systems should generally be designed for variable flow through the building:

Very small systems (<100 tons) may be designed for constant flow.•	
Medium-sized systems (100–250 tons) may achieve variable flow by using two-way •	
control valves on most of the cooling coils, with a few three-way valves to provide the 
required minimum flow through the chiller. 
Large systems (>250 tons) or systems with a significant water pressure drop (>75 ft of •	
H

2
O) are good candidates for variable primary flow.
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Piping should be sized for a pressure drop of less than 3 ft of water per 100 ft of 
pipe. Using a smaller pipe size increases the pressure drop through the pipe, increases 
the velocity through the pipe, and may cause erosion to occur if velocity is too high. A 
larger pipe size results in additional pump energy savings, but increases the installed 
cost of the pipe. In systems that operate for longer hours, larger pipe sizes are often 
very economical.

VFDs on chillers can be beneficial in applications where condenser relief occurs 
for a significant number of hours. Air-cooled condensers are typically designed for 
95°F ambient air condition, and water-cooled condensers are typically designed for 
85°F entering water temperature. If a chiller will operate for a significant number of 
hours at temperatures at least 10°F below these conditions, a VFD should be consid-
ered. Not all chillers need to be equipped with a VFD; typically a VFD on the chiller 
that operates with the most amount of condenser relief will provide the most economi-
cal payback. Generally, climates that are hot and humid are not good candidates for 
VFDs on chillers.

CHW temperatures will vary depending on whether thermal storage is used. If thermal 
storage is used, the chiller must be selected for the most extreme temperatures, which typi-
cally occur during the charge mode. 

To increase energy savings beyond 30%, use a CHW DT of 12°F–20°F. This will save 
pump energy, but it will also affect cooling coil performance. This can be overcome by 
lowering the chilled-water temperature to deliver the same air conditions leaving the coil. 
CHW temperature setpoints should be selected based on a life-cycle analysis of pump en-
ergy, fan energy, and desired air conditions leaving the coil.

Water Heating Systems (Climate Zones: all)

Condensing boilers can operate at up to 97% efficiency and can operate efficiently at 
part load. To achieve these high-efficiency levels, condensing boilers require that return 
water temperatures be maintained at 70°F–120°F, where the boiler efficiency is 97%–91%. 
This fits well with hydronic systems that are designed with DTs greater than 20°F (optimal 
DT is 30°F–40°F). The higher DTs allow smaller piping and less pumping energy. Because 
condensing boilers work efficiently at part load, VFDs can be used on the pumps to further 
reduce energy use.

Condensing boiler capacity can be modulated to avoid losses caused by cycling at less 
than full load. This encourages the installation of a modular (or cascade) boiler system, 
which allows several small units be installed for the design load, but allows the units to 
match the load for maximum efficiency of the system.

Relief versus Return Fans (Climate Zones: all)

Relief (rather than return) fans should be used when necessary to maintain building 
pressurization during economizer operation. Relief fans reduce overall fan energy use in 
most cases, as long as return dampers are sized correctly. However, if return duct static 
pressure drop exceeds 0.5 in. of water, return fans may be needed.

Heating Sources (Climate Zones: all)

Many factors come into play in making a decision whether to use gas or electricity for 
heating, including availability of service, utility costs, operator familiarity, and the impact 
of source energy use. 

Cautions
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Forced-air electric resistance and gas-fired heaters require a minimum airflow rate to 
operate safely. These systems, whether stand-alone or incorporated into an air-conditioning 
or heat pump unit, should include factory installed controls to shut down the heater when 
there is inadequate airflow that can result in high temperatures.

Ducts and supply-air diffusers should be selected based on discharge air temperatures 
and airflow rates.

Noise Control (Climate Zones: all)

Much of the education that takes place in K-12 classrooms hinges on oral communica-
tion. Less than optimal acoustical conditions in the classroom affect the academic perfor-
mance of all students, but they pose a particular challenge for students learning in a non-
native language, coping with learning disabilities, or hindered by impaired hearing.

The ASHRAE Handbook–HVAC Applications and ANSI/ASA Standard S12.60, Acous-
tical Performance Criteria, Design Requirements, and Guidelines for Schools are two po-
tential sources for recommended background sound levels in the various spaces that make 
up K-12 school buildings.

Avoid installation of the HVAC equipment directly above classrooms. Consider lo-
cations above less critical spaces, such as storage areas, restrooms, and corridors, or in 
acoustically treated closets adjacent to the space. Acoustical requirements may necessitate 
attenuation of the noise associated with the supply and return air, or noise radiated from the 
HVAC equipment. Acoustical concerns may be particularly critical in short, direct runs of 
ductwork between the fan and supply or return outlet.

Refer to ASHRAE’s Practical Guide to Noise and Vibration Control for HVAC Systems 
for specific guidance by system type.

Proper Maintenances (Climate Zones: all)

Regularly scheduled maintenance is an important part of keeping the HVAC system 
in optimum working condition. Neglecting preventive maintenance practices can quickly 
negate any energy savings expected from the system design.

Filters should be replaced when the pressure drop exceeds the filter manufacturer’s recom-
mendations for replacement, or when visual inspection indicates the need for replacement. ERVs 
need to be cleaned periodically to maintain performance. Dampers, valves, louvers, and sensors 
must all be periodically inspected and calibrated to ensure proper operation. This is especially 
important for OA dampers and CO

2
 sensors. Inaccurate CO

2
 sensors can cause excessive energy 

use or poor IAQ, so they need to be calibrated as recommended by the manufacturer.
A BAS can be used to notify O&M staff when preventive maintenance procedures 

should be performed. This notification can be triggered by calendar dates, run-time 
hours, the number of times a piece of equipment has started, or sensors installed in the 
system (such as a pressure switch that indicates when an air filter is too dirty and needs 
to be replaced).

Zone Temperature Control (Climate Zones: all)

The number of spaces in a zone and the location of the temperature sensor (thermo-
stat) will affect the control of temperature in the various spaces of a zone. Locating the 
thermostat in one room of a zone with multiple spaces provides feedback based only on 
the conditions in that room. Locating a single thermostat in a large open area may pro-
vide a better response to the conditions of the zone with multiple spaces. Selecting the 
room or space that will best represent the thermal characteristics of the space due to both 
external and internal loads will provide the greatest comfort level.
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To prevent misreading of the space temperature, zone thermostats should not be mounted 
on an exterior wall. Where this is unavoidable, use an insulated sub-base for the thermostat.

In spaces with high ceilings, consider using ceiling fans or high/low air distribution 
to reduce temperature stratification during the heating season. Six primary factors must be 
addressed when defining conditions for thermal comfort: 

Metabolic rate•	
Clothing insulation•	
Air temperature•	
Radiant temperature•	
Air speed•	
Humidity•	

Appropriate levels of clothing, the cooling effect of air motion, and radiant cooling or 
heating systems, for example, can increase occupant comfort energy efficiently.

Operable Windows (Climate Zones:                                                    )

Compared to buildings with fixed-position windows, buildings with properly applied 
and properly utilized operable windows can provide advantages in schools, including en-
ergy conservation and energy conservation education (see also EN22). Natural ventilation, 
natural cooling, and passive solar heating can have positive sustainability effects. Improper 
design and operation can have negative effects. Mechanical systems should be shut off 
when windows are opened. Operable window systems can be controlled manually or by 
interlock. Manual control provides the opportunity for energy-efficiency education in the 
classroom, but automatic controls (such as interlocks) are likely to save more energy. 

A bottom window and a top window should be opened at the same time. This allows 
the stack effect to set up a convection current of airflow when the difference between the 
indoor and outdoor temperatures is 10°F or more.

 Table 5.11 shows recommended setpoints for using operable windows. Using oper-
able windows without proper sensor calibration can create moisture or comfort problems 
and may reduce energy savings.

Table 5.11. Operable Windows Recommended Set Points

Controller Type Recommended 
Climate Zones Cooling Setpoint Heating Setpoint

Measuring 
Dry-Bulb 
temperature 
Only

B and C zones

Window open when space temperature > 
outdoor temperature 
 
Window closed when space temperature < 
outdoor temperature 

Window open when space temperature < 
outdoor temperature 
 
Window closed when space temperature > 
outdoor temperature

Measuring 
temperature 
and Humidity

A zones

Window open when space temperature 
and humidity > outdoor temperature and 
humidity 
 
Window closed when space temperature 
and humidity < outdoor temperature and 
humidity 

Window open when space temperature < 
outdoor temperature 
 
Window closed when space temperature > 
outdoor temperature
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SERVICE wATER HEATING (SwH)

Service Water Heating Types (Climate Zones: all)

This Guide assumes that the SWH equipment uses the same type of fuel source as 
is used for the HVAC system. This Guide does not cover systems that use oil, hot water, 

Good Design 
Practice

WH1
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steam, or purchased steam for generating SWH, nor does it address the use of solar or 
site-recovered energy (including heat pump water heaters). These systems are alternative 
means that may be used to achieve 30% (or greater) energy savings over ASHRAE Stan-
dard 90.1-1999 and, where used, the basic principles of this Guide would apply.

The SWH equipment included in this Guide are the gas-fired water heater and the electric 
water heater. Natural gas and propane fuel sources are available options for gas-fired units.

Many factors come into play in making a decision whether to use gas or electric-
ity, including availability of service, utility costs, operator familiarity, and the impact of 
source energy use. Efficiency recommendations for both types of equipment are provided 
to allow for choice.

System Descriptions (Climate Zones: all)

Gas-fired storage water heater. A water heater with a vertical or horizontal water 
storage tank. A thermostat controls the delivery of gas to the heater’s burner. The heater 
requires a vent to exhaust the combustion products. An electronic ignition is recommended 
to avoid the energy losses from a standing pilot.

Gas-fired instantaneous water heater. A water heater with minimal water storage ca-
pacity. The heater requires a vent to exhaust the combustion products. An electronic igni-
tion is recommended to avoid the energy losses from a standing pilot.

Electric resistance storage water heater. A water heater consisting of a vertical or hor-
izontal storage tank with one or more immersion heating elements. Thermostats controlling 
heating elements may be of the immersion or surface-mounted type.

Electric resistance instantaneous water heater. A compact, under-cabinet, or wall-
mounted type water heater with insulated enclosure and minimal water storage capacity. 
A thermostat controls the heating element, which may be of the immersion or surface-
mounted type. Instantaneous, point-of-use water heaters should provide water at a constant 
temperature regardless of input water temperature.

Sizing (Climate Zones: all)

The water heating system should be sized to meet the anticipated peak hot-water load. Calcu-
late the hot-water demand based on the sum of the building fixture units according to local code. 

Local and state plumbing codes for water closets vary and range from 1 per 20–25 
elementary female students to 1 per 30–45 secondary female students, and from 1 per 
30 elementary male students to 1 per 40–90 secondary male students. Lavatories in 
the restrooms are generally in the ratio of 1 per 2 water closets installed in a general 
restroom. In many elementary schools, wet areas are provided in K-2 classrooms with 
hot water for hand washing. Some state codes and educational specifications may re-
quire sinks with hot water in laboratories, workshops, vocational classrooms, and art 
rooms. 

Hot-water temperature requirements for restrooms and academic areas of a school vary 
by local and state code, within the range of 100°F–120°F. Hot water is also a requirement in 
the school kitchen, with a delivered temperature of 120°F–140°F. Use booster heaters on 
the dishwashers to bring the temperature to the 160°F–180°F required for sanitation.

In elementary schools, showers are normally specified in health/nurse rooms. In sec-
ondary schools, showers are normally specified for physical education locker rooms. In 
larger secondary schools, showers may be required for team sport areas. The temperature 
of the hot water provided to the showers should be 100°F–110°F.

In designing and evaluating the most energy-efficient hot-water system for a school 
and the associated life-cycle costs, consider installing tankless water heaters in most lo-
cations. Only areas where large volumes of hot water are required (such as the cafeteria, 
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gymnasium, and culinary vocational classrooms) should large water heaters or smaller cir-
culating hot-water systems be installed.

Equipment Efficiency (Climate Zones: all)

Efficiency levels are provided in the climate-specific tables in Chapter 3 for the four 
types of water heaters listed in WH2. 

The gas-fired storage water heater efficiency levels correspond to condensing storage 
water heaters. High-efficiency, condensing gas storage water heaters (energy factor higher 
than 0.90 or thermal efficiency higher than 0.90) are alternatives to the use of gas-fired in-
stantaneous water heaters.

For gas-fired instantaneous water heaters, the energy factor and thermal efficiency 
levels correspond to commonly available instantaneous water heaters.

Electric water heater efficiency should be calculated as 0.99 – 0.0012 × water heater 
volume (volume equals zero for instantaneous water heaters). 

Instantaneous electric water heaters are an acceptable alternative to high-efficiency 
storage water heaters. Electric instantaneous water heaters are more efficient than electric 
storage water heaters, and point-of-use versions will minimize piping losses. However, 
their impact on peak electric demand can be significant and should be taken into account 
during design. Where unusually high hot-water loads (e.g., showers or laundry facilities) 
are present during peak electrical use periods, electric storage water heaters are recom-
mended over electric instantaneous ones.

Location (Climate Zones: all)

The water heater should be close to the hot water fixtures to avoid the use of a hot-
water return loop or of heat tracing on the hot water supply piping. Where electric resis-
tance heaters are used, consider point-of-use water heaters with a low number of fixtures or 
where they can eliminate the need for a recirculating loop.

Pipe Insulation (Climate Zones: all)

All SWH piping should be installed in accordance with accepted industry standards. 
Insulation levels should be in accordance with the recommendation levels in the climate-
specific tables in Chapter 3, and the insulation should be protected from damage. Include a 
vapor retardant on the outside of the insulation.

REFERENCES

ASHRAE. 2007. ASHRAE Handbook—HVAC Applications. Atlanta: American Society of Heating, 

Refrigerating and Air-Conditioning Engineers, Inc.

GAMA. 2007. Product directories. Gas Appliance Manufacturers Association. http://www.

gamanet.org

ADDITIONAL SAVINGS

Electrical Distribution System (Climate Zones: all)

Energy-efficient distribution transformers should be provided in all construction/re-
pair projects: new construction, renovation, or replacement. Minimum transformer specifi-
cations as of January 1, 2007, are classified by DOE as TP-1 and are the lowest efficiency 
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available. Energy-efficient transformers that are 30% more efficient than the minimum 
TP-1 are classified by DOE as CSL-3. 

The size of an educational building is a contributing factor in the determination of the electri-
cal voltage service brought into the building. Electrical service from the utility in smaller schools 
is usually 120/208 three-phase voltage and in larger schools 277/480 three-phase voltage.  When 
the 277/480 volt service is provided, 120/208 volt dry step down transformers are placed in key lo-
cations in the building to provide the power to the electrical outlets throughout. Electrical distribu-
tion systems in today’s schools contribute to the energy inefficiency. The following good practices 
will help improve the energy efficiency of the electrical distribution system.

Electrical Service Voltage. School facilities smaller than 40,000 ft2 should design the 
incoming electrical service from the utility for 120/208 V. Schools facilities larger than 
40,000 ft2 should have the incoming electrical service designed from the utility at 277/480 
V. This design will require the placement of internal step down dry transformers 277/480 V 
to 120/208 V to provide the needed power for the plug load. 

Energy-Efficient Transformers. DOE recognizes that current step-down transformers 
contribute to energy waste throughout the country. The CSL-3 standard has been estab-
lished to improve the energy efficiency of distribution transformers. This standard recog-
nizes the low loading, especially in schools, and the no-load losses with current transform-
er design. The standard CSL-3 design eliminates any impact for normal harmonics created 
by the loads in the school. Concentrating all larger computer loads on one transformer 
can be handled by a variation in the CSL-3 design and still keep the required efficiencies 
and no-load losses. The standard includes specifics on the no-load losses for specific sized 
transformers and specific percent efficiencies at given loadings. For example, a CSL-3 75 
KVA 277/480 to 120/208 volt transformer maximum no load loss is 170 W/h versus the 
current industry average of more than 850 W/h. This same transformer will meet or exceed 
98.4% efficiency at one-sixth loading. The efficiency of the standard transformers currently 
specified at one-sixth loading is 80% to 85%. This is an unregulated load at this time. 

Specification of Energy-Efficient Transformers. Energy-efficient transformers should 
be specified using DOE’s CSL-3 Standard as the basis. Specifications must include maxi-
mum no-load losses for specified transformers sizes and percent efficiency at 16.7% load-
ing. A statement should be included in the specifications that requires the bid submission 
to include test data for the transformers being provided. 

Electrical distribution equipment is usually provided by one supplier. This means the 
cost of the transformer is “buried” in the electrical distribution equipment price. The follow-
ing statement should be included in the bid specifications: “The bid price for the dry distri-
bution transformers specified (277/480 to 120/208 V) must be identified (priced) separately 
within the electrical bid and cannot be included in the bid pricing for other electrical distri-
bution equipment that falls under Section 16 of the Standard AIA Specification Structure. If 
specified transformers are not separately identified in the bid pricing then the entire bid will 
be disqualified.”

Plug and Phantom Loads (Climate Zones: all)

Plug Loads. Plug loads are devices or appliances that plug into a school’s electrical 
system. A school typically has a 120/208 V electrical system and includes many loads. A 
load is anything that draws power from the system and requires electricity to work. Plug 
loads found in schools include computers, DVD players, VCRs, overhead and LCD pro-
jectors, boom boxes, CD players, printers, scanners, copiers, fax machines, radios, micro-
waves, coffee pots, popcorn poppers, fish tanks, desktop lights, stoves, refrigerators of all 
sizes, vending machines, smart boards, vocational equipment and tools, soda machines, 
drinking fountains, and many other devices for educational purposes and for the comfort 
of the students, faculty, and staff.

AS2
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Technology Case Study:
Twenhofel Middle School

Independence, KY

Twenhofel Middle School in Kentucky installed both energy-efficient transformers (CSL-3) 
and typical specified transformers (CSL-1). Each of the three grade wings of the school had dis-
tribution transformers, the 6th grade wing had the energy-efficient transformer, and the other two 
wings had typical transformers. The following were the results:

The electric use in the 6th grade wing was continuous lower than the other wings1. 
Testing of the transformers revealed that the loading for these transformers during the day 2. 
were very low—between 2 and 3%.  
The efficiency of the transformers at this loading was 79.5% for the typical transformer and 3. 
91.5% for the energy-efficient transformer. This meant an improvement in efficiency of more 
than 15% in addition to the no load loss improvement between 500–700 W/h.

The following illustrates the potential energy savings when specifying and installing energy 
efficient transformers, at current use of distribution transformers in schools and average electrical 
energy cost across the nation. 

Typical 73,000 ft•	 2 elementary school—$9000/year and more than $400,000 over a 50-year 
building life
Typical middle school—$13,000/year and more than $600,000 over a 50-year building life•	
Typical high school—$20,000/year or more than $1 million over a 50-year building life•	

Note: The 50-year life figures do not include any rate increase during the period.

Technology Case Study:
North Thurston Public Schools

Lacey, WA

Energy Star Power Management features—standard in Windows and Macintosh operating 

systems—place inactive monitors and computers (CPU, hard drive, etc.) into a low-power 

sleep mode. A simple touch of the mouse or keyboard “wakes” the computer and monitor in seconds. 

Monitor power management (MPM) can save $10–30 per monitor annually by placing your 

inactive monitors into a low-power sleep mode. 

Computer power management (CPM) places inactive computers (CPU, hard drive, etc.) into a 

low-power sleep mode, which can save $15–45 per desktop computer annually. 

http://www.energystar.gov/index.cfm?c=power_mgt.pr_power_management

Read about how North Thurston Public Schools is saving $45,000 annually by activating 

computer and monitor sleep settings: http://www.energystar.gov/ia/products/power_mgt/North_

Thurston_Case_Study.pdf.
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Phantom Loads. A VCR that has been flashing “12:00 a.m.” since it was installed in 
a classroom is a prime example of an electronic device in that consumes energy when the 
switch indicates it is off. This use of electrical energy is classified as a phantom load. Phantom 
loads are also known as standby power or leaking electricity. Phantom loads usually coincide 
with any electronic or electrical device or appliance. Equipment with electronic clocks or 
timers or remote controls, portable equipment and office equipment, with wall cubes (a small 
box that plugs into an AC outlet to charge cell phones or provide power to computers) all have 
phantom loads. Phantom loads can consume up to 5% of an electrical plug load. 

Control on Plug Loads. Plug loads contribute up to 25% of the electrical load in 
a school. This estimation comes from plug load surveys conducted in schools over the 
past several years. Plug loads density can be 0.6–1.0 W/ft2. A large contributor to this 
load is equipment and appliances left on after use, and equipment that has a phantom 
load when not in use. To reduce this load potential, consider controlling the top out-
let of each duplex outlet with the occupancy sensor used to control the lighting in the 
room. The inclusion of this feature in future designs would reduce the plug load density 
from the current 0.6–1.0 to 0.4–0.6 W/ft2. For a 100,000 ft2 school, this would mean a re-
duction of 20–40 kW/h. Creating a personal appliance policy in the school district and 
conducting constant energy awareness training on equipment and appliance use should 
be undertaken.

Control of Phantom Loads. The best direct way to control phantom loads is to un-
plug items such as TVs, VCRs, and other similar items when not in use. In lieu of directly 
unplugging the item, all these items can be plugged into a power strip that is switched off 
at the end of each day, over the weekend, and during holidays and vacations. 

ENERGy STAR Appliances/Equipment. A school board policy should be established that 
requires all electrical equipment and appliances placed in a school to have the ENERGY 
STAR Label (where there is an ENERGY STAR rating for the equipment or appliance). See 
Appendix D for a list of items with ENERGY STAR ratings. 

The recommendations presented in Table 5.12 for the purchase and operation of plug 
load equipment are an integral part of this Guide, but the energy savings from these recom-
mendations will be in addition to the targeted 30% savings.

Table 5.12. Recommendations for Efficient Plug Load Equipment

Equipment/Appliance Type Purchase 
 Recommendation Operating Recommendation

Desktop Computer ENERGy StAR only Implement sleep mode software

tV/VCR
Purchase flat screens 
with sleep modes

Many of these items are only used during 
peak times and should be unplugged with 
occupancy sensors

Laptop Computer (use where practical 
instead of desktops to minimize energy use)

ENERGy StAR only Implement sleep mode software

Computer Monitors
Energy Star flat screen 
monitors only

Implement sleep mode software

Printer ENERGy StAR only Implement sleep mode software

Copy Machine ENERGy StAR only Implement sleep mode software

Fax Machine ENERGy StAR only Implement sleep mode software

Water Cooler ENERGy StAR only N/A

Refrigerator ENERGy StAR only N/A

Vending Machines ENERGy StAR only Delamp display lighting

tV/VCR ENERGy StAR only
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Ground-Source Heat Pumps (Climate Zones: all)

A variation of the WSHP system (see HV2), the GSHP takes advantage of the Earth’s 
relatively constant temperature and uses the ground instead of a cooling tower and boiler. 
GSHP systems do not actually get rid of heat, but store it in the ground for use at a later 
time. During the summer, the heat pumps extract heat from the building and transfer it to 
the ground. When the building requires heating, this stored heat can be recaptured from the 
ground. In a perfectly balanced system, the amount of heat stored over a given period of 
time would equal the amount of heat retrieved.

GSHP systems offer the potential for saving energy because they can reduce or elimi-
nate the energy needed to operate a cooling tower or boiler. Eliminating the cooling tower 
also has architectural and maintenance advantages, and eliminating the boiler frees up floor 
space in the building.

Although eliminating both the cooling tower and boiler will likely result in the greatest 
overall energy savings, for most applications this requires the largest (and more expensive) geo-
thermal heat exchanger to account for the imbalance between heat stored and heat extracted.

For example, in a cooling-dominated climate, a large amount of heat must be rejected 
to the ground during the cooling season, but a much smaller amount of heat is extracted 
from the ground during the heating season. This imbalance can cause the temperature of 
the ground surrounding the geothermal heat exchanger to increase over time. 

Conversely, in a heating-dominated climate, a relatively small amount of heat is re-
jected to the ground during the cooling season, but a much larger amount of heat must be 
extracted from of the ground during the heating season. In this case, the ground tempera-
ture can decrease over time. In either case, future operation of the heat pump is compro-
mised by this change.

In many areas of the country, this imbalance requires the geothermal heat exchanger 
to be larger to prevent the ground temperature from changing over time. The first cost to 
install such a large heat exchanger often dissuades people from considering this approach. 
Using a hybrid approach, however, can often make GSHP systems more economical, open-
ing up the possibility to reap the potential energy savings. 

This hybrid approach involves adding a small cooling tower to the loop for a system 
that is installed in a cooling-dominated climate, or adding a small boiler to a system in a 
heating-dominated climate. In either case, the geothermal heat exchanger is sized based 
on the smaller of the two loads: for the total heat absorbed in a cooling-dominated climate 
or the total heat rejected in a heating-dominated climate. Then, a small cooling tower (or 
boiler) is added to reject (or add) the remaining heat.

This approach reduces the required size of the geothermal heat exchanger by avoiding 
the imbalance. The overall energy savings may not be as great as in a system with a larger 
heat exchanger, but this approach often results in a more acceptable return on investment.

Peak Demand Reduction (Thermal Storage, Thermal Mass) 
(Climate Zones: all)

Adding thermal storage to an HVAC system can reduce the utility costs associated 
with cooling by shifting operation of the chiller from times of high-cost electricity (day-
time) to times of low-cost electricity (nighttime). This avoids, or reduces, the electricity 
required to operate the chiller during the daytime hours. Operation of the chiller is shifted 
to the off-peak period, during which the cost of electricity and the demand charge are lower. 
The chiller is used during that period to cool or freeze water inside storage tanks, storing 
the thermal energy until the on-peak period.

During the nighttime hours, the outdoor dry-bulb and wet-bulb temperatures are 
typically several degrees lower than during the day. This lowers the condensing pressure, 
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allowing the chiller to regain some of the capacity and efficiency it lost by producing 
colder fluid temperatures to recharge the storage tanks.

Another potential benefit of thermal storage is a reduction in the size and capacity of the 
chiller. When thermal storage is used to satisfy all or part of the design cooling load, the chill-
er may be able to be downsized as long as it has enough time to recharge the storage tanks.

An additional approach to reducing peak cooling demand is to take advantage of the build-
ing’s thermal mass. Many school buildings are constructed of concrete or masonry walls. The 
thermal mass of these materials can absorb excess solar heat and stabilize indoor temperatures.

The principle is to precool the building during the nighttime (or morning off-peak) hours with 
cool OA. This cools the building’s thermal mass and reduces the cooling load during on-peak hours.

In many climates, masonry walls are more efficient when insulation is located on the 
outside. This allows the wall to absorb excess heat from inside the building, and the insula-
tion minimizes heat transfer to the outdoors. However, this is not common practice for most 
builders, and insulated masonry increases the width of a wall, making it difficult to finish 
at the edges of windows, roofs, and doors. Fortunately, new technologies have lowered the 
cost and increased options for insulated masonry.

Thermal Displacement Ventilation (Climate Zones: all)

Thermal displacement ventilation (TDV) systems are different from conventional over-
head air delivery systems. TDV systems deliver air near the floor, at a low velocity, and at a tem-
perature of about 65°F (compared to around 55°F with overhead air delivery). The goal of TDV 
systems is to cool the occupants, not the space. Cool air flows along the floor until it finds warm 
bodies. As the air is warmed, it rises around occupants, bathing them in cool fresh air. 

Air quality improves because contaminants from occupants and other sources tend to 
rise out of the breathing zone rather than being mixed in the space. Similarly, cooling loads 
decrease because much of the heat generated by occupants, lights, and computer equipment 
rises directly out of the occupied zone and is exhausted from the space. (This is especially 
true in classrooms designed for 100% OA.)

Technology Case Study:
The Dalles Middle School

The Dalles, OR

The Dalles Middle School is located in a rural 

area along the Columbia River on the eastern 

slopes of the Cascades. The school had a subsurface 

geological problem that needed to be addressed. A 

landslide area adjacent to the school site was being 

dewatered through wells at a flow rate of about 130 

gal/min. As part of the $12.5 million project to con-

struct a new 96,500 ft2 school, a geothermal system 

was installed based on this subsurface problem. 

Storage tanks and pipes were installed so that the 

water previously pumped directly to the Columbia 

River was now piped through GSHPs to provide 

either cooling or heating before being pumped to 

the river. 

Figure S7.1. Water source heat pump.

Photo and data provided by BOORA Architects, Oregon Energy Office, and Larry Schoff.
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TDV is most appropriate for spaces with ceilings higher than 10 ft to permit tem-
perature stratification. However, heating performance may be worse than with systems that 
deliver air at greater velocities, since mixing (not stratification) is desirable for heating. In 
non-arid climates, the supply air must be sufficiently dehumidified before it is reheated, or 
mixed with warm return air, to achieve the desired 65°F supply-air temperature.

Photovoltaic Systems

PV systems have become an increasingly popular option for energy production and 
for a teaching opportunity in schools. Currently, most PV systems in schools are relatively 
small compared to the total energy use of the school; this is due mainly to the initial cost of the PV 
system. Most PV systems in K-12 schools range from 1–50 kW. 

One school using a larger system is Williamstown Elementary School in Williamstown, 
Massachusetts. Williamstown Elementary has a 24 kW roof-mounted PV system. It is esti-
mated to produce roughly 30,000 kWh of electricity per year, which equates to 5%–10% of 
the school’s annual energy use. 

The actual energy production can be monitored at the Web site for the Massachusetts Tech-
nology Collaborative Renewable Energy Trust by viewing the trust funded projects and access-
ing the Williamstown Elementary project: http://www.mtpc.org/renewableenergy/index.html.

The Head-Royce School in Oakland, California, also uses a large PV system to 
generate significant energy savings. The school installed a 53 kW PV system on the roof 
of the gymnasium that provides a 25% savings in the electricity bill for the school and 
gymnasium.

The smaller PV systems are typically used mostly as teaching devices. They are usu-
ally installed in plain view to make them visible to the students, teachers, and the surround-
ing community. It is an attempt to inform the public of the importance of renewable energy 
sources and the technology involved. 

Fossil Ridge High School in Fort Collins, Colorado, uses a smaller PV system. The 
5.2 kW PV system is mounted outside the south entrance of the school on frames in front 
of the windows. The PV panels act as overhangs for the windows. Another school that 
uses a small PV system is Zeeland West High School in Zeeland, Michigan. This 1 kW 
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Technology Case Study:
Elmira High School

Elmira Oregon

Elmira High School in Elmira, Oregon, is a good example of how a school uses PV in its curriculum with a 0.6-kW 

PV system. Elmira is one of 15 schools in Oregon that is participating in a pilot PV program started by the Bonn-

eville Power Administration (BPA) and Western SUN. The University of Oregon has put together a series of lesson 

plans for the schools that are participating in the program. These lesson plans are available in the educational resources 

on the University of Oregon Web site (http://solardata.uoregon.edu/). 

Lesson I—Solar cells introduces the students to the basic physics and chemistry that occur in a solar cell. •	

Lesson II—Solar electric arrays shows the components of a solar electric system and the concept of a PV IV curve. •	

Lesson III—Photovoltaics in arrays; solar cells generating electricity teaches the students about some of the vari-•	

ables that influence the effectiveness of the PV arrays in generating electricity. 

Elmira can gather real-time information on the PV arrays at BPA’s Energy Efficiency (EE) Web site (http://www.

bpa.gov/Energy/N/), as one of the 15 solar schools with EE metering data in the Technologies section of the site.
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system is mounted on poles on 
the ground, which aids in using 
the PV system as a teaching de-
vice.

There are many unique 
funding opportunities for PV 
systems in schools. In addi-
tion to the many rebate pro-
grams offered by state and 
local utility companies, there 
are often significant incen-
tives, loans, grants, and buy-
back programs for PV sys-
tems for K-12 schools. The 
following link shows some 
incentives and rebates that are 
available to schools in most 
states: http://www.dsireusa.
org/Index.cfm?EE=0&RE=1. 
Some state and local utility 
companies offer rebates that 
range from $2.00–$6.00/W 
for school PV systems. 

Solar Hot-Water Systems

Because of the high hot-
water demands associated with 
cafeterias, solar hot-water sys-
tems are often viewed as impor-
tant strategies in reducing en-
ergy bills. It can be even more 
cost-effective in middle schools 
and high schools, which have 
additional significant load for 
gym class showers and sports 
programs. Several types of sys-
tems could be used for addi-
tional savings. Two of the more common are drainback and closed-loop systems.

Use drainback solar hot-water systems in small applications where the piping can be 
sloped back toward a collection tank. By draining the collection loop, freeze protection can 
be accomplished when the pump shuts down, either intentionally or non-intentionally. 

Select a closed-loop, freeze-resistant solar system if piping layouts make drainback 
options impractical. In closed-loop systems, a small pump circulates antifreeze protected 
fluids through the collection loop when there is adequate solar radiation and the differential 
between the collector fluid temperature and when the tank temperature justifies continua-
tion of the collection mode.

Energy-Efficient Schools as Teaching Tools

Schools that incorporate energy efficiency and renewable energy technologies make 
a strong statement about the importance of protecting the environment. They also provide 
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Technology Case Study:
Twenhofel Middle School

Independence, KY

Twenhofel Middle School in Independence, Kentucky, 

uses the green building techniques as a teaching aide. 

The students can monitor most of the systems that are used 

in the school through the online monitoring program avail-

able on the Internet (http://www.twhvac.kenton.kyschools.

us/). The Web site allows the students to monitor the electri-

cal energy, PV system, daylighting system, geothermal heat-

ing/cooling system, and the rainwater harvesting system. The 

program makes students aware of their daily energy use and 

is an opportunity for a hands-on learning experience with re-

newable energy. In the science classes, the students use the 

monitoring program to track the effects on daylighting from 

the sun, which teaches the students the patterns of the sun and 

earth throughout the course of a year. 

The school encourages the students to conserve en-

ergy with a monthly contest between the 6th–8th grade 

students to see which grade can conserve the most energy 

over the course of a month. The students track their prog-

ress in the monthly contest every morning via a television 

mounted in the lobby. 

Figure S9.1. Clerestory windows and 24 kW PV system.
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hands-on opportunities for students and visitors to learn about these technologies and the 
importance of energy conservation. The efforts to make a school building energy efficient 
are no longer being hidden within the walls and inside mechanical rooms. They are being 
used as teaching aids in the schools, allowing teachers to introduce curriculum that focuses 
on energy usage and environmental issues.

PV systems are a common area of interest for energy-efficient teaching tools. The PV 
systems allow real-time information that can be added to the school’s curriculum. 

Many schools that have installed PV systems have instituted programs for the students 
that allow them to monitor the real-time system performance. The monitoring programs 
are typically available through kiosks in the school or via the Internet. Examples of these 
monitoring systems are available at the following Web sites.

The Massachusetts Technology Collaborative Renewable Energy Trust (http://www.•	
mtpc.org/renewableenergy/index.html)
The Missouri Department of Natural Recourses, Missouri Schools Going Solar (http://•	
www.sunviewer.net/portals/MSGS/)
The Energy Whiz program (http://www.energywhiz.com/index.htm)•	
Individual schools including the following: •	

North Charleston Elementary School (http://northcharleston.greentouchscreen.com/)•	
Desert Edge High School (http://desertedge.greentouchscreen.com/)•	
Turner Falls High School (http://66.189.87.227/tfhs01/tfhsweb/home.html )•	
The Match School (http://www.matchschool.org/solar/home.html)•	
Williamstown Elementary School (http://buildingdashboard.com/clients/wtown/)•	

Technology Case Study:
Zach Elementary School

Fort Collins, CO

Zach Elementary School in Fort Collins, Colorado, has left building systems and some piping exposed to teach students 

about the energy efficiency features in the school. All the electricity used in the school is purchased from wind power. 

Miniature wind turbines are mounted to the walls inside the school. The turbines are used to increase the awareness of the growing 

wind energy presence in Fort Collins. The school has also placed cutouts in some of the walls to allow the students to see inside 

and to learn about the construction techniques used to make the building energy efficient. 

Figure S10.1. (a) Example wind turbines and (b) exposed piping and insulation.

(b)(a)
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Energy-efficient teaching aids include more than just PV systems. Some schools 
have left HVAC equipment and plumbing exposed to allow the students to see and learn 
from the systems. 

Resources for educational and training information on energy, energy efficiency, and 
renewable energy are available from the Department of Energy (DOE) on their Energy 
Education Web site (http://www1.eere.energy.gov/education/). The “Get Smart About En-
ergy” page (http://www.eere.energy.gov/education/lessonplans/) offers more than 350 les-
son plans and activities for grades K-12.




