. |ss
Daylight and Views - - Qm

Daylight 75% of Spaces

1 point
intent
Provide for the building occupants a connection between indoor spaces and the out- SRy,
. . . o . .S
doors through the introduction of daylight and views into the regularly occupied areas g
of the building. ' B
‘ %
. €Can assist in centification under
Requirements LEED for Exsting Buildings

OPTION 1 -— GLAZING FACTOR CALCULATION

Achieve a minimum glazing factor of 2% in a minimum of 75% of all regularly oc-
cupied areas. The glazing factor is calculated as follows:

Window Area
Glazing [SF] Window Actual T4 Window
Factor ~ FloorArea  * Geometry * ~ Minimum  *  Height
[sF] Factor Tyis Factor

OR
OPTION 2 — DAYLIGHT SIMULATION MODEL

Demonstrate, through computer simulation, that a minimum daylight illumination
level of 25 footcandles has been achieved in 2 minimum of 75% of all regularly oc-
cupied areas. Modeling must demonstrate 25 horizontal footcandles under clear sky
conditions, at noon, on the equinox, at 30” above the floor. '

OR
OPTION 3 — DAYLIGHT MEASUREMENT

Demonstrate, through records of indoor light measurements, that a minimum daylight
illumination level of 25 footcandles has been achieved in at least 75% of all regularly
occupied areas. Measurements must be taken on a 10-foot grid for all occupied spaces
and must be recorded on building floor plans.

In all cases, only the square footage associated with the portions of rooms or spaces
meeting the minimum illumination requirements can be applied towards the 75% of
total area calculation required to qualify for this credit.

In all cases, provide daylight redirection and/or glare control devices to avoid high-con-
trast situations that could impede visual tasks. Exceptions for areas where tasks would
be hindered by the use of daylight will be considered on their mérits.

Potential Technologies & Strategies

Design the building to maximize interior daylighting. Strategies to consider include
building orientatjon, shallow floor plates, increased building perimeter, exterior and
interior permanent shading devices, high performance glazing and automatic photocell-
based controls. Predict daylight factors via manual calculations or model daylighting
strategies with a physical or computer modef to assess footcandle levels and daylight
factors achieved. '
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Summary of Referenced
standard

There is no standard referenced for this
credit. '

Approach and
Implementation

A building may have limited daylight-
ing potential due to site or program
constraints that limit the orientation of
the building, number and size of build-
ing openings and floor plate dimensions.
Vertical site elements such as neighboring
buildings and trees may reduce the poten-
tial for daylighting. Evaluate the impact
of the building’s orientation on possible
daylighting options; strive to incorporate
shallow foor plates, courtyards, atriums,
clerestory windows and skylights into the
project to increase daylighting potential.
Evaluate the potential to add interior
lighe shelves, exterior fins, louvers and
adjustable blinds. See Figure 1, which
illustrates various daylighting strategies.
Glazing parameters directly affect the
heat gain and loss of the building which
may result in increased enetgy use. It is

important to address the glazing properly
not only for energy usage bur also for
visual quality.

The desired amount of daylight will differ
depending on the tasks occurring within
each program space. Daylit spaces often
have several daylight zones with differing
target light levels. In addition to light
levels, daylighting strategies should ad-
dress interior color schemes, direct beam
penetration and integration with the
electric lighting system. Glare control i
perhaps the most common failure in day-
lighting strategies. Glare is defined as any
excessively bright source of light within
the visual field that creates discomfort
or loss in visibility. Large window areas
provide generous amounts of daylight to
the task area. If not controlled properly,
this daylight can produce unwanted glare
and affect the lighting quality. Measures
to control glare include light shelves, lou-
vers, blinds, fins and shades, Typically, low
luminance ratios and lighting of primary
surfaces will enhance visual quality.

Computer modeling software can be
used to simulate daylighting conditions
and to provide valuable input into the

Figure 1: An illustration of Various Daylighting Strategies

narth facing skylight
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development of an effective, integrated
daylighting strategy. Daylighting software
produces continuous daylight contours
to simulate the daylighting conditions of
interior spaces and to account for com-
bined effects of multiple windows within
a daylit space.

Photo-responsive controls for electric
lighting can be incorporated into day-
lighting strategies to maintain consistent
light levels and to minimize occupant
perception of thé transition from natural
light to artificial light. These controls re-
sultin energy savings by reducing electric
lighting in high daylight conditions while
preserving footcandle levels on the task
surface. These types of automatic controls
require commuissioning and also Measure-
ment & Verification attention.

Calculations

Compliance with the requirements for
this credit may be determined by either
following the Glazing Factor calculation
methodology (outlined in the following
paragraphs) to determine overall glazing
factor, or by using daylighting simulation
software to determine point-by-point il-
lumination levels (footcandles) measured
at desk height (30” above the finished
floor).

Areas to include in the daylighting calcu-
lations are all regularly occupied spaces
such as office spaces, meeting areas and
cafeterias. Areas that should not be con-
sidered include support areas for copying,
storage, mechanical equipment, laundry
and restrooms.

The calculation methodology below can
be applied to approximate the Glazing
Factor for each regularly occupied room
in the building. The Glazing Factor (GF)
is the ratio of exterior illumination to
interior illumination and is expressed as
a percentage. The variables used to deter-
mine the daylight factor include the floor
area, window area, window geometry,

visible transmittance (T,) and window
height. This calculation method aims to
provide a minimum 2% GF at the back
of aspace. The Glazing Factor calculation
method is designed to identify daylighting
conditions based on room and window
geometry and visible transmittance based
on meeting the performance criteria for
overcast sky conditions. Currently this
calculation method doesn’t take into ac-

‘count light shelves, partitions, significant

exterior obstructions or exterior reflective
surfaces.

The development of a Daylight Simula-
tion Model is highly recommended where
daylighting strategies go beyond the
current capability to the Glazing Factor
Calculation Method.

Option 1—Glazing Factor

1. Create a spreadsheet and identify all
regularly occupied rooms/areas. Detet-
mine the floor area of each applicable
room using construction documents.

2. For each room/area identified, calcu-
late the window area and use Table
1 to indicate the acceptable window
types. Note that window areas above

7°6” are considered to be daylight glaz--

ing. Glazing at this height is the most
effective at distributing daylight deep
into the interior space. Window areas
from 2’6" to 7°6” are considered to be
vision glazing. These window areas are
primarily used for viewing and lighting
interior spaces close to the building
perimeter. Window areas below 2°6”
do not contribute to daylighting of
interior spaces and ‘are to be excluded
from the calculations.

3. For each window type, insert the ap-
propriate geometry and height factors
as listed in Table 1. The geometry
factor indicates the effectiveness of a
particular aperture to distribute day-
light relative to window location. The
height factor accounts for where light
is introduced to the space.

55 |we| A [MRETY 10 |
Credit 8.1
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. For each window type, indicate the

visible transmittance (T,), a variable
number that differs for each product:
Minimum T is the recommended
level of transmittance for selected glaz-

mng.

. Calculate the Glazing Factor for each

window type using Equation 1. For
rooms/areas with more than one win-
dow type, sum all window types to
obtain a total Glazing Factor for the

7. Sum the square footage of all applica-
ble rooms/areas and divide by the total
square footage of all regularly occupied
spaces. If this percentage is equal to
or greater than 75%, then the project
qualifies for this point. (See Note 1
below for further information.)

8. Note that glare control is also required
for each window. Table 3 provides
best-practice glare control measures
for different window types.

room/area. Table 2 provides an example of daylight-

6. Ifthe total Glazing Factor foraroom/  ing calculations for a typical office space.
area is 2% or greater, then the square  All of the offices are congidered to be
footage of the room/area is applicable regularly occupied spaces, while support
to the credit, areas such as hallways, foyers, storage

Table 1: Daylighting Design Criteria

. | Window Geometry  Minimum  Height Best Practice Glare Control
Type Factor Tuis Factor
N, 0.1 0.7 14 Adjustable blinds
- Interior light shelves
I Fixed transluscent exterior shading
sidelighting devices
daylight glazing
. 0.1 0.4 0.8 Adjustable blinds
Exterior shading devices
sidelighting
vision glazing
02 0.4 1.0 Fixed interior
Adjustable exterior blinds
toplighting
verticat
monitor
0.33 0.4 10 Fixed interior
}’\ Exterior louvers
toplightin
sfw%oothg
. monitor : )
ol l 0.5 04 - 1.0 Interior fins
s e Exterior fins
1 Louvers
toplightin,
horizonta
skylights
Equation 1: Glazing Factor Calculation

Window Area
Glazing [SF] Window Actual T Window
Factor = “FloorArea X Geometry * MinimumT,, * Height
[SF] Factor
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areas, mechanical rooms and restrooms Tabte 3: Common Glare Control Strategies $S 'WE| EA [MR ID
are not considered to be {egularly 9¢-  [Description T
cupied. The example qualifies for this Fixed Exterior Shading Devices
credit because it exceeds the minimum Light Shelf, Exterior
square footage percentage for daylit area  [[ight Shelf, Interior

Credit 8.1

and includes glare control on all windows  [interior Blinds or Pull-Down Shade
in daylit rooms. Fritted Glazing

. . . Drapes
Option 2—Daylight Simulation Electronic Black-Out Glazing
Model '

3. Calculate the daylight illumination
for each applicable space using the . .. -
following daylight criteria: clear sky
conditions at 12:00 noon on the equi-
nox (March 21/September 21) for the
project’s specific geographic location.
Figure 2 illustrates a sample daylight
analysis for an office space.

1. Create a daylight simulation model
for the building, or each regularly
occupied space with glazing. The
model should include appropriate
glazing factors as well as representative
surface reflectance settings for interior
finishes.

2. For each applicable room/area, include L
2 horizontal calculation grid a 30” 4. Create a spreac_isheet and identify all
above the floor. This grid will represent regularly occupied rooms/areas. Deter-
the typical work plane height. The mine the floor area of.each applicable
calculation grid should be set at ap- room using construction documents.

proximately 2 foot intervals to provide Ifrowde the minimum xllumfna-
a detailed illumination diagram for tion level (footcandles), determined

each area. (For larger areas, it may be through the simulation model, for-

necessary to increase the grid size for cach space. :

clarity.) 5. If the minimum illumination for a
room/area is 25 footcandles or greater,

Table 2: [LB3] Glazing Factor Tabulation Spreadsheet

Regularly | Regularly |Regularly Sidelighting - | Sidelighting - | Toplighting | Toplighting | Toplighting | Glazing
Occupied | Occupied | Occupied Vision Daylight Sawtooth | Vertical Horizontal | Factor
Space ID Space Name | Space Area (sf)| Glazing Glazing Monitor Monitor Skylight
‘ Area | Tyis Area|Tyis Area [Ty | Area Ty | ArealTys
'é : ) () (59 ) ()
101 Office 820 120 (0.9 40 (0.7 0 INA Jo {NA [0 INA |33
102 Office 330 30 (09 5 0.7 o N/A §O NA O N/A {1877
103 Open Office |2250 330 |09 | 110 |07 0 [NA |0 [N/A |0 [NA {33
{Daylit Area) ERNAE
103 Open Office |685 0 109 0 o7 0 |NA [0 [NA |0 |NA jO @
{Non-Daylit Sl
- Area) PR
104 Office 250 25 109 5 07 0 N/A [0 |N/A O |NA [21 7
105 Office 250 25 109 5 07 0 |N/A [0 |NA [0 [NA [21
Total Regularly Occupied | Total Regularly Percentage of
Space Area (sf) Occupied Space Area| Regularly
with a Minimum 2% | Occupied Space
Glazing Factor witha 2%
o Glazing
4585 3570 - . - T78%
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then the square footage of the room/area
‘is applicable to the credit. (See Note 1
below for further information)

6. Sum the square footage of all daylit
rooms/areas and divide by the total
square footage of all regularly occupied
spaces. If this percentage is equal to
or greater than 75%, then the project
qualifies for one point under this

Credit.

7. Note that glare control is also required
for each window. Table 1 provides
best-practice glare control measures
for different window types. Create
another spreadsheet entry thar identi-
fies the type of glare control applied to
cach window type. The type of glare
control selected for each window does
not affecr the daylight factor calcula-
tions. Table 3 provides a listing of
common glare control strategies.

Option 3—Daylight Measurement
NOTE 1: This credit can be approached

so that 100% of each room does not have
to meet the 2% daylight factor or the
minimum 25 footcandle requirement, In
order to do so, the portion of the room

with a 2% (or higher) daylight factor or
25 footcandle minimum illumination
would count towards the percentage of
all space occupied for critical visual tasks,
The portion of the room not meeting the
daylight factor or illumination criteria
would not count towards the compliant
area total, but would be considered in
the calculation of total area calculation,’
For the calculation spreadsheet, the two
portions of the room (the one meeting the
minimum daylight factor or illumination
and the one not meeting the requirements)
would be counted as separate spaces (See
Table 2—Room 103 “Open Office”).
The square footage of all compliant spaces
is tallied and then divided over the total
square footage of all regularly occupied
spaces. If the percentage is equal to or
greater than 75%, then the project quali-
fies for one point under this Credit.

Exemplary Performance

This credit may be eligible for exemplary
performance under the Innovation &
Design section if the project achieves 95%
daylighting based on the requirements
and guidelines of this credit.,




Submittal Documentation

This credit is submitted as part of the
Design Submittal.

The following project data and calcula-
tion information is required to document
credit compliance using the v2.2 Submit-

tal Templates:
Glazing Factor Calculation Method

Q Complete the template calculation
spreadsheet to demonstrate overall
Glazing Factor. The following data
is required for input in the template:
occupied space area (sq.ft.); area of
each type of glazing (sidelighting and
toplighting); visible light transmit-
tance (T ) for each glazing type.

OR
Computer Simulation Method

QO Complete the template calculation
spreadsheet to demonstrate that the
project complies with the minimum

' illumination levels. The following data
is required for input in the template:
total regularly occupied space area (sq.
ft.); total regularly occupied space area
that achieves a simulated minimum of
25 footcandles.

Q Provide copies of the applicable project
drawings showing the illumination
simulation results.

OR
Daylight Measurement Method

O Complete the template calculation
spreadsheet to demonstrate that the
project complies with the minimum
illumination levels. The following data
is required for input in the template:
total regularly occupied space area (sq.
ft.); total regularly occupied space area
that achieves a measured minimum of
25 footcandles.

Q Provide copies of the applicable project
drawings showing the illumination
simulation results.

AND

O Provide a narrative describing any
special occupancy areas that have
been excluded from compliance. The
narrative should include a detailed
description of the space function and
an explanation as to why the inclusion
of views would hinder the normal
tasks/function of each excluded area.

For projects that have used computer
simulation or physical measurements,
please include detailed information de-
scribing the method used to determine
the daylighting contributions in the
building. Include specific information
regarding the actual or simulated time
of day and weather conditions, mea-
surement equipment or software used,
and the calculation method for deter-
mining the final daylighting area.

Considerations

Cost Issues

Specialized glazing can increase initial
costs for a project and can lead to excessive
heat gain if not designed properly. Glazing
provides less insulating effects compared
to standard walls, resulting in higher
energy use and requiring additional main-
tenance. However, offices with sufficient
natural daylight have proven to increase
occupant productivity and comfort. In
most cases, occupant salaries significantly
outweigh first costs of incorporating
daylighting measures into a building
design. Studies of schools and stores
have shown that daylighting can improve
student performance-and retail sales (see
the Resources section). Daylighting can
significantly reduce artificial lighting
requirements and energy costs in many
commercial and industrial buildings, as
well as schools, libraries and hospitals,
Daylighting, combined with energy-ef-
ficient lighting and electronic ballasts, can
reduce the lighting power density in some

office buildings by up to 30%.

['ss IWE[EA[MR
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Envirecnmental Issues

Daylighting reduces the need for electric
lighting of building interiors, resulting
in decreased energy use. A well-designed
daylit building is estimated to reduce
lighting energy use by 50 to 80% (Sus-
tainable Building Technical Manual,
chapter IV.7, page 90). This conserves
natural resources and reduces air pollu-
tion impacts due to energy production
and consumption.

Daylighting desig?l involves a careful bal- -

ance of heat gain and loss, glare control,
visual quality and variations in daylight
availability. Shading devices, light shelves,
courtyards, atriums and window glazing
are all strategies employed in daylighting
design. Important considerations in-
clude the selected building’s orientation,
window size and spacing, glass selec-
tion, reflectance of interior finishes and
locations of interior walls. Daylit spaces
also increase occupant productivity and
reduce absenteeism and illness.

Community Issues

Daylighting and outdoor views provide
a connection with the building site and
adjacent sites, creating a more integrated
neighbothood. Daylit spaces can increase
occupant productivity and reduce illness
and absenteeism.

Resources

Please see the USGBC Web site at WWW,
usgbc.org/resources for more specific
resources on materials sources and other
technical information.

Web Sites

Analysis of the Performance of Students
in Daylit Schools

www.innovativedesign.net/

studentperformance.htm

Nicklas and Bailey’s 1996 study of three
daylit schools in North Carolina.

The Art of Daylighting

www.edemag.com/CDA/Articleln-
formation/features/BNP _ Fearures
Itern/0,4120,18800,00,hrml

This Environmental Design + Construc-
tion article provides a solid introduction
to daylighting.

New Buildings Institute’s Productivity
and Building Science Program

www.newbuildings.ore/downloads/
FipalAttachments/PIER Final
Report(P500-03-082).pdf

Provides case studies and report on the
benefits of daylighting,

Radiance Software
htep://radsite.lbl.eov/radiance/

Free daylighting simulation sofrware
from' the Lawrence Berkeley National
Laboratory

The Whole Building Design Guide,
Daylighting
www.wbdg.org/design/daylighting,
phplr=ieq

Lighting Controls

Www.wbdg.org/design/electriclighting.
phpir=ieq

The Daylighting and Lighting Controls
sections provide a wealth of resources
including definitions, fundamentals,
materials and tools.

Print Media

Architectural Lighting, Second Edition by
M. David Egan, PE, and Victor Olgyay,
AlA, McGraw-Hill, 2002.

“Daylighting Design” by Benjamin Evans,
in Time-Saver Standards for Architectural
Design Data, McGraw-Hill, Inc., 1997.

Daylighting for Sustainable Design by
Mary Guzowski, McGraw-Hill, Inc.,
1999,

Daylighting Performance and Design by
Gregg D. Ander, John Wiley & Sons,
1997.




Sustainable Building Technical Manual,
Public Technology Institute, 1996. (www.

pti.org)

Definitions

Glazing Factor is the ratio of interior illu-
minance at a given point on a given plane
(usually the work plane) to the exterior il-
luminance under known overcast sky con-
ditions. LEED uses a simplified approach
for its credit compliance calculations. The
variables used to determine the daylight
factor include the floor area, window area,
window geometry, visible transmittance

(T} and window height.)

Daylighting is the controlled admission
of natural light into a space through glaz-
ing with the intent of reducing or elimi-
nating electric lighting. By utilizing solar
light, daylighting creates a stimulating
and productive environment for building
occupants.

Non-Occupied Spaces include all rooms
used by maintenance personnel that are
not open for use by occupants. Included
in this category are janitorial, storage and
equipment rooms, and closets.

Non-Regularly Occupied Spaces include
corridors, hallways, lobbies, break rooms,
copy rooms, storage rooms, kitchens,
restrooms, stairwells, etc.

Regularly Occupied Spaces are areas
where workers are seated or standing as
they work indide a building; in residential
applications it refers to living and family
rooms.

Visible Light Transmittance (T,) is the
ratio of total transmitted light to total
incident light. In other words, it is the
amount of visible spectrum (380-780
nanometers) light passing through a glaz-
ing surface divided by the amount of light
striking the glazing surface. A higher T
value indicates that a greater amount of
visible spectrum incident light is passing

through the glazing.
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