Indoor Environmental Quality

Americans spend an average of 90% of
their time indoors, where levels of pol-
lutants may be two to five dmes—and oc-
casionally more than 100 times—higher
than outdoor levels, according ro che ULS,
Environmental Protection Agency. In irs
1999 Air Cueality Guidelines, the World
Healch Organization states thar most of
a person’s daily exposure to many air pal-
Tutants comes through inhalarion of in-
door air. Many of these poll can

Cireening the Building and the Bottom Lire,
Rocky Mountain Institute, 1994).

1EQ) strategics include issues relared o
indoor air quality (IAQY) such as increased
ratios of fileered ouside air, venrilation
:ﬁ—cctiv:nﬁs\ moimlrc m.'u'mgcm:m. 3nd
control of contaminants, Prevention of
air quality problems is generally much less
expensive than cleaning up afrer these
problems occur. For example, it is inex-

cause health reactions in the estimared 17
million Americans who suffer from
asthma and 40 million who have aller-
gies, thus contributing to millions of days
absent from school and work. The
Asthma and Allergy Foundation estimates
that asthma cost the LS. economy $10.7
billion in 1994 alone.

Research over the past decade has in-
creased our understanding of the indoor
environment, revealing both problems
and potential solutions. Major health
disasters such as ourbreaks of Legion-
naires’ discase and sick building syndrome
have heightened the awareness of indoor
air qualiry for building owners and eccu-
pants. An increasing number of legal cases
emphasize the need for oprimal indoar
environmental quality (IEQ) serategies,
Such strategies reduce patential liability
for design team members (including
building owners), increase the resale value
of the building, and increase productiv-
ity of building occupants. In fact, case
stuics suggest thar [EQ improvements
can increase worker productivity by as
much as 16%, resulting in rapid payback
for 1EQ) capiral investments (source:

f d sensible o seq o -
tion activities so that materials are kept
dry and those thar absorb contaminants
are insealled afrer arher marterials have had
the opportunity to off-gas contaminants.
Specifying materials that release fewer and
less harmful conmminants is even berer.
Another strategy is to protect air handling
systems during construction and perform
a building flush-our prior 0 sccupancy.
To provide optimal air quality for build-
ing occupants over the lifetime of the
building, auromaric sensors and conrrols
can be integrated with the HVAC system
o adjust temperature, humidity, and the
percentage of ourside air inroduced o
occupied spaces. Sensors can alert build-
ing mainrenance staff ro porential 1AQY
problems such as carbon dioxide (CO)
build-up in occupied space. E

Orther TEQ issues ro consider include
daylighting and lighting quality, thermal
comfort, acoustics, oecupant control of
building systems, and access w views. All
of these issues have the potential 1o en-
hanee the indoor environment and opti-
mize interior spaces for building occu-
pants.

S5 |WE| EA [MR]

Overview

Overview of LEED™

Prerequisites and
Credits

EQ Prerequisite 1
Minimum AL Perfos
mance

EQ) Prerequisite 2
Environmental Tobaceo
Smuoke (ETS) Caontrol
EQ) Credit 1

Carbon Dioséde 100,
Manitaring

EQ Credit 2

Inerease Ventilation
Effectiveness

EQy Credit 3
Construction |ACQ
Management Plan

EC} Credit 4
Luw-Emilling Materials
EQ Credit 5

Indoor Chemieal &
Pellutant Source Control

| EQ Credit &

Comrollability of
Syslems

EQ Credit 7
Thermal Comdart
Q) Credit #
Daylight & Views

There are 15 points
available in the Indoor
Enwironmental Cheality
calegary,
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Minimum IAQ Performance Prerequisite 1

Intent Required
Establish minimum indoor air quality (IAQ) performance to prevent the development

of indoor air quality problems in buildings, thus contributing to the comfort and well-

being of the occupants,

Requirements
Meet the minimum requirements of voluntary consensus standard ASHRAE 621999,
Ventilation for Acceprable Indoor Air Qualicy, and approved Addenda (see ASHRAE
622001, Appendix H, for a complete compilarion of Addenda) using the Ventilation
Rare Procedure.

Submittals
2 Provide the LEED [erer Template, signed by the mechanical engineer or respan
sible party, declaring that the projece is fully compliant with ASHRAE 62-1999

and all published Addenda and describing the procedure employed in the 140
analysis (Ventlation Rate Procedure).

y of Ref ed St
ASHRAE Standard 62-1999: Ventilation For Acceptable Indoor Air Quality
ASHRAE, www.ashrae.org, (800) 527-4723

This fard specifies rates and indoor air quality (IAQ) levels
o reduce the porential for adverse health effects. The standand specifies thar mechani-
cal or natural ventilation systems be designed o prevent uprake of contaminants, mini-
mize the opportunity for growth and dissemination of microorganisms, and filter par
ticulares, if necessary. Makeup air inlets should be located away from comtaminant
sources such as cooling wwers; sanivary venrs; and vehicular exhaust from parking
garages, loading docks, and streer traffic.

A Mentilation Rare Procedure and an Indoor Air Quality Procedure are outlined o
achieve compliance with the sandard. - The Ventilation Rate Procedure prescribes out-
door air quality aceeptable for ventilation; outdoor air treatment measures; and venti-
lation rates for residential, commercial, insticutional, vehicalar, and indusirial spaces.
The procedure also includes mm‘m for the reduction nfnu:door air quantitics when
recirculated ait is ereared by « “remeval and criteria for variable
ventilation when the air volume in the space is u.scd as a reservoir to dilute contami-
nanes. The Indoor Air Quality Procedure incorporates both quantitative and subjec-
tive evaluation and restricts contami; coneentrations to acceptable levels.
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l’rereqmsﬂe 1

Credit Synergies |

58 Credit 1
Site Selection

58 Credit 2

Urban Redevelopment
55 Credit 3
Browniiehl
Redevelogpment

55 Credit 4

Water Efficient
Landscaping

EA Prerequisite 1
Fundamental Buikding
Systems Commassioning
EA Prerequisite 2
Minimum Envrgy
Perlormant i

EA Credit |
Chptimize Enevgy
Performance

EA
Addigional
Commmissisning
FA Croddit 5
Measurement &
Weriication

3

Mt Prevequisite 1
Stortage & Colliction of
Recyclalsles

foonfinued)

L5, Green Building Council
242

Green Building Concerns

Optimal 1AQ) perlormance in buildings
results in improved occupant comfort,
well-being, and productiviry, Key com-
ponents for maintining superior indoor
air quality include using high-quality our-
daor air and providing adequare venrila-
tion rates. The referenced standard de-
scribes procedures foravoiding the intro-
duction of contaminants such as location

aof air intakes relative to potential sources
of conmmination. The referenced stan-
dard also outlines general ventilaton rates
for a variery of building types.

Environmental lssues

Higher ventilation rares are somerimes
necessary to optimize IAQ, and this can
result in higher energy use w operate the
building HVAC system. However, the
i onal energy cost can be offset by
improved occupant producrivity and
lower absentee

Economic lssues

Increased vemilation rates may result in
gﬂ A {‘I'“!f&‘;y COSES.
poor indoor air quality can ¢
pant illnesses, resulting in increased ex-
penses and liability costs for building

1 However,

156 DCCU-

of a building. Additional effore may be
required to optimize the integration of the
HVAC system with the fayour of the
structure and surrounding area.

Community Issues

1AQ optimization strategies can lead o a
healthier environment for occupants,

which typically results in fewer com-
plaines, lower absenteeism and illness, and
higher productivity. Impraved occupant
healeh results in decreased health care and
INSUFANCE COSTS.

Design Approach

Strategies

Evaluate the project site prior 1o acquisi-
tion toavoid choosing a site with poten-
tial IAQ) problems, These potential prob-
lems might include }mlv}l traffic areas,
neathy polluting indus

boring waste manayg,
tion, identify pm'ﬂbh future uses of
nearby sites thar may impact ourdoor air
quality. Obtain ambient air quality data
and local wind pateerns from che LS,
EPA or local sources to idenify sources
of pollution most likely w affect the site,

owners, operators, and insurance compa-
nies, Personnel costs are a significant per
centage of operating costs, much grearer

than energy or maintenance costs, and,

thus, actions that alfect employee atten-
dance and productiviry are significant, A
1991 statistical abstract by the Building
Owners and Managers Association esti-
mated employee salaries ar §130 per

square foot while energy costs were less
than $2 per square foor.

ASHRAE Stndard 62-1999 has become
standard ventilation design practice and
may not require addional design effors
or cost, Good 1AQ) reduces potential li-
abiliy for archirects, builders, owners,
building operators, and occupants, as well
as increases the value and marketability

After the | g site has been chosen,
identify site activities thar may have a
negarive o quality such as

CONBLIUCTION ACTiVi marerials installed
in the building, and chemical handling
during occupancy. Establish air
y standards early in the design pro-
nd clearly state these design criteria
in plans and specifications.

Specify, design, and inseall fresh air in-
takes away [rom possible sources of con-
ramination (ar least 25 feer is recom-
mended and 40 feer is preferable). Pos-
sible sources of contamination include
loading areas, building exhause fans, cool-
ing towers, strect traffic, idling cars, stand-
ing water, parking garages, sanicary venis,
dumpsters, and outside smoking areas.




Locating fresh air intakes appropriarely
requires coordination between HVAC de-
signers and the project architect.

Ensure thar the outside air capacity for
rhr: ventilation system can meet the re-

ing can reduce the amount of clean air in
a space. More often, it is beneficial to
reduce IAQ problems ar the source, such
as specifying low-VOC marerials, than to
use energy to ventilare the building and
o condition a greater volume of air

of the ref; d standard in
aJ.I modes of operation. Remember to
consider the maximum porential oceu-
paney load when caleulating ousside air
needs in all spaces. Assess changes in oc-
cupant loads for renovation or retrofic
projects and, where possible, plan for
these future requirements. Avoid over-
design and under-design of the ventila-
tion system and anticipate furure retro-
fis.
Upon project completion, include opera-
tonal testing in the building commission-
ing report. Implement an operations and
maintenance plan to maintain an uncon-
raminared HVAC system.

Synergies and Trade-Offs
Site location and landscape design affect

the ourdoor air volumes that can be cir-
culated through dn: building. l)em:

ighborhoad

Resources

Web Sites

American Society of Heating, Refriger-
ating and Air-Conditioning Engineers
(ASHRAE})

www.ashrae.org, (404) 636-8400
Advances the science thcnrmg, v\:nrlia-
tion, air conditl and refrigy

for the public’s benefit through research,
standards wriring, continuing educanon,
and publications.

Indoor Air Quality Links
outreach.missouri.edu/edninfo/
airquality hem

Web links that address health and build-
ing systems issues.

US.E | Protection Agency's

Facull:les. and existing site contamination
can adversely affect the quality of ouside
air available for ventilation purposes. In-
creased ventilation rates can solve some
indoor air quality problems by diluting
contaminant levels, but this strarcgy may
affect indoor thermal comfore and may
increase energy use. Building commis-
sioning and measurement 8 verification
processes are tools that can be used o
optimize indoor air qualicy levels while
minimizing energy efficiency losses.

During construction and building fit-out,
protect buildi ials from moi:

and specify man:rulh. and furnishings that
do not release harmful or irritating chemi-
cals, such as volatile organic compounds
{VOCs) from paints and solvents, to re-
duce the deerimental effects these sub-
stances have on [ACQ). Occupant activi-
ties such as chemical handling and smok-

Indoor Air Qualicy Web Sire
www.cpa.govfiag, (800) 438-4318
Ineludes a wide variery of tools, publica-
tions, and links ro address IAQ concerns
in schools and large buildings. The
downloadable JAQ Building Education
and Assessment Model (I-BEAM) software
program provides comprehensive TAQ
management guidance and calculares the
cost, revenue, and productivity impacts
of planned IAQ activities. Publications
include the Energy Cost and IAQ Perfor-
mance of Ventilation Systems and Controls
Modeling Study; the Building Awsesoment,
Survey and Evaluation Siudy; and the
Building Air Quality Action Plan.

55 [WE[ EA [MR]

Prerequisite 1

Credit Synergies
{eontinued)

EQ Prerequisite I
Environmental Tobacco
Smaoke [ETS) Cantrol
EQ) Credit 1

Carben Dioxide (G0

| Monitoring |
EQ) Credit 2

Increase Vientilation
Effectiveness

EQ Credit 3
Comnstruction IACH
Management Plan

EQ Credit 4
Low-Emitling Materials
EQ Credit 5

Indoor Chemical &
Follutant Source Contral
EQ Crodit 7

Thermal Comion
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Print Media

Air Contaminants and Industrial Hy-
giene Ventilation: A Handbook of Prac-
tical Calculations, Problems, and Solu-
tions by Roger Wabcke, CRC Press &
Lewis Publishers, 1998,

Handbook of Indoor Air Quality Man-
agement by Donald Moffau, Prentice
Hall, 1997,

Improving Indoor Air Quality Through
Deesign, Operation and Maintenance by
Marvin Meckler, Prenrice Hall, 1996

Indoor Air Quality, Construction Tech-
nology Centre Atlantic. Written as a com-
prehensive review of indoor air qualicy
issues andl solutions, the report is avail-
able for purchase from heepeffercaunbueal
IAQ index.hem or (506) 453-5000.

Indoor Pollugion: A Reference Hand-
book (Contemporary World lssues) by 1
Willied Miller, eral., ABC-CLIO, 1998,

Definitions

Indoor Air Quality is the nature of air
thar affects the health and well-being of
building occupants.

Sick Building Syndrome is a siruaion in

which a substantial proportion of build-
ing occupants experience acute discom-
fort and negative health effeces as a resule
of exposure to conaminared air in the

building,

ilation is the process of supplying and
g air o and from interor spaces
by natural or mechanical means.



Environmental Tobacco Smoke (ETS) Control

Intent Required

Prevent exposure of building occupants and systems to Environmental Tobaceo Smoke
(ETS).

Requirements

Zero exposure of non-smokers to ETS by EITHER:

¢ prohibiting smoking in the building and locaring any exterior designared smok-
ing areas away from entries and operable windows;

OR

3 iding a des, 1 smoking room designed o effectively contain, caprure
and remove ETS from the bmldmg Ara minimum, the smoking room must
be direedy exhavsted o the outdoors with no recirculation of ETS-contining
air to the non-smaking area of:he building, enclosed with imperme:blu deck-
to-deck partitions and data i compared with the sur-

rounding spaces of ar least 7 BA (0. UJ inches nf\u(:r gauge).

e Performance of the smoking rooms shall be verified by using tracer gas westing
methods as described in the ASHRAE Standard 129-1997. Acceprable expo-
sure in non-smoking areas is defined as less than 1% of the tracer gas concen-
tration in the smoking room detectable in the adjoining non-smoking areas.
Smoking room testing as deseribed in ASHRAE Standard 129-1997 is re-

quired in the contract d and eritical smoking Facility systems resting
results must be included in the building issioning plan and report or as
a separate document.
Submittals
3 Provide the LEED Letrer Template, signed by the building owner ar responsibl
party, declaring that the building will be operared under a policy prohibiting smok-
ing.
OR
3 Provide the LEED Lerter Template, signed by the mechanical engineer or respon-
sible party, declaring and d ing thar designated smoking rooms are ex-

hausted o the outdeors with no recirculation of ETS-containing air w0 the non-
smoking area of the building, enclosed with impermeable deck-ro-deck partitions,
operared at a negative pressure compared with the surrounding spaces of at least 7
PA (.03 inches of water gauge), and performance has been verified using the
method described in the credic requirements.

= — LEED-NC\Version 2.1 Reference Guide
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!
ASHRAE 129-1997: Measuring Air-Change Effcctivencss
ASHRAE www.ashrae.org, (800) 527-4723

This standard provides a method for measuring air-change effecriveness in mechani-
cally ventilated buildings and spaces. Air-change effectiveness (E) is derermined by the
pattern of natural airflow within the building’s ventilated air spaces along with the
cffect of mechanical recirculation by ventilation systems. The measurement of air-
change effectiveness involves a tracer gas procedure that determines the age of air in
building spaces.

LS. Green Building Couneil
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Green Building Concerns

The relationship between smoking and
various health risks, including lung dis-
ease, cancer, and heart disease, has been
well documented. A strong link between
Environmental Tobacco Smoke (ETS) or
“secondhand smoke™ and health risks has
also been demonstrated. The mose ef-
fective way t avoid health problems as-
sociated with robacco smoke is to pro-
hibit smoking in indoor areas. If this is
not possible or desirable, indoor smok-
ing areas should be isolated from non-
smoking areas and have separate venrila-
tion systems to avoid the introduction of
tobacco smoke contaminants o non-
smoking arcas.

Environmental Issues

Separate smoking areas occupy space in the
building and may resule in a lasger build-
ing, additional marerial use, and increased
energy for venrilation. However, these en-
vironmental impacts can be offset by build-
ing pocupants who are more comfortable,
have higher productivity rates, and have
lower absenteeism and illnesses.

Economics Issues

Separare smoking arcas may result in first
costs for increased building space and
more extensive mechanical ventilation
systems. Smoking within a building con-
wminates indoor air and ean insrigate
oocupant reactions ranging from irritation
and illness to decreased productivicy,
These problems increase expenses and li-
abilicy Fcrbmlclmgnwn:n opertary and

e A "
policy avoids rhcsc pmb]ems and elimi-
nates the need for a separate ventilation
system for isolated smoking areas. Pro-
hibition of indoor smoking can also in-
crease the useful life of interior fixtures
and furnishings.

Community Issues

Air is & community natural resource, and
promoring clean air benefits everyone.

Strict no- smoking policies improve the
health of the community as a whole, re-
sulting in lower health care and i

Costs.

Design Approach

Strategies
Prohibic smoking in the building. Pro-
vide designated smoking areas ouside the
building in locations where ET5 will not
enter the building or ventilation system
and away from concentrations of build-
mg occupants o pedestrian :r::i"ﬁc Post
on the g policy
for occupants to read,

IFinterior smoking areas are designed for
the building, a ilation sys-
©m must hc |nsta||cd and these areas
must be vested to ensure thar they are iso-
lated from nonsmoking portions of the
building. ASHRAE Srandard 62-1999
desig) outdoor air
smoking rooms. Smoking areas are typi-
cally operated at higher ventilation rares
than nonsmoking rates w remove con-
taminants from the conditioned space. In
general, bu.ildings that allow smoking, re-
quire lmu: the vencilation volumes of

king buildi See the standard
for more informtion on designing ven-
tilation for smoking arcas.

q nts for

Synergies and Trade-Offs

The use of separate ventilation systems
o physically separate smoking arcas from
the rest of the building requires additional
energy and requires commissioning and
measurement & verification artention.
Smaking activities, both indoor and our-
door, affect 1AQ performance of the
building. Smoke can enter the building
areas through operable windows and in-
take vents or through the venrilarion sys-
tem for indoor smokers. It may be ad-

g o address g loads in
the building in conjuncrion with chemi-
cal and pollugant sources in the building,

| Credit Synergies

| EA Prerequisite 1
Fundamental Building
Systerrs Commissianing
EA Prerequisite 2
Minimum Enorgy
Periormance
EA Credit 1
Optinize Energy

| Performance
EA Credit 3
Additional
Commissioning
EA Credit 5

| Measurement &

Verification

EQ) Prerequisite 1

Minimum 1AC)

Performance

EQ Credit 2

Increases Venillation

Effectiveness

EQ Credit 5

Intdoor Chemical &

Follutant Source Control

EQ Credit &

Contmllahilitg of |

Systems
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Resources

Web Sites

Secondhand Smoke: What You Can Do
About Secondhand Smoke as Parents,
Decision Makers, and Building Occu-
pants
www.epa.gov/iaq/pubs/ersbro.homl,
(800) 438-4318

An EPA document on the effects of ETS
and measures to reduce human exposure
o it.

Setting the Record Straight: Second-
hand Smoke Is a Preventable Health
Risk

www.cpa.goviiaq/pubs/scrsfs.heml

An EPA document with a discussion of
laboratory research on ETS and federal
legislation aimed at curbing ETS prob-

lems.

Print Media

The Ch y of E 1 To-
bacco Smoke: Composition and Mea-
surement, Sccond Edirion by R.A.
Jenkins, B.A. Tomkins, et al., CRC Press
& Lewis Publishers, 2000.

The Smoke-Free Guide: How to Elimi-
nate Tobacco Smoke from Your Envi-

by Arlene Galloway, Gordon
Soules Book Publishers, 1988.

Definitions

The Age of Air is the average amount of
time that has elapsed since a sample of air
molecules at a specific location has en-
tered the building,

Air-Change Effectiveness is a measure-
ment based on a comparison of the age
of air in the occupied portions of the
building to the age of air thar would exisc
under conditions of perfect mixing of the
ventilation air.

Environmental Tobacco Smoke (ET5),
or secondhand smoke, consists of air-
borne particles emitted from the burn-
ing end of cigarettes, pipes, and cigars,
and exhaled by smokers. These particles
contain about 4,000 different com-
pounds, up to 40 of which are known o
cailse canger.



L. iy EINGEED o [
Carbon Dioxide (CO, ) Monitoring

Intent 1 point

Provide capacity for indoor air quality {(IAQ) monitoring w help sustain long-rerm
occupant comfort and well-being.

Requirements

Install a permanent carbon dioxide {CO ) monitworing system thar provides feedback
on space ventilation performance in a form that affords operarional adjustments. Refer
1o the CO, differential for all types of occupancy in accordance with ASHRAE 62-
2001, Appendix C.

Submittals

3 Provide the LEED Letrer Template, signed by the mechanical engineer or respon-
sible party, declaring and summarizing the installation, operational design and
controlsfzones for the carbun dioxide monitoring system, For mixed-use build-
ings, calculare CO, levels for each separate activity level and use.

y of Referenced Standard
There is no standard referenced for this credir.

LEED-NC Version 2.1 Reference Guide
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Credit 1

Credit Synergies

EA Preroquisite 1

Fundamental Building

Systems Commissioning

EA Prerequisite 2

Minimum Energy

Performance

EA Credit 1

Optimize Energy

Perlarmance

EA Credit 3

Adlditional

Commissioning

EA Credit 5

Measurement &

Verification

MR Credit 1

Ruilding Reuse

EQ Prerequisite 1

Minimun 14D

Performance

EQ) Credit 2

Increase Ventikition
| Effectiveness

EQ Crodit 5

lidoor Chemical &
¢ Pollutant Source Control

EQ Credit &

Contrallability of

Systems

EQ Credit 7

Thermal Comiert

U5, Green Building Council
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Green Building Concerns

Buildings are supplied with ourdoor air
to flush airborne contaminans and to re-
plenish fresh air on a regular basis. Ven-
tilation rates are conventionally deter-
mined using venrilation standards for a
particular building design. A better
methed for d ing and maintai

operation is achicved as a result of effec-
tive air quality monitoring.
Community Issues

A permanent air monitoring system en-
sures that the means to maintain high-
quality indoor air is provided, with the
potential to protect the well-being of the

ing adequate outdoor air ventilation rates
in buildings is to measure carbon dioxide
[(.:U_,J concentrations. High C()_, levels
are generally an indication of poor indoor
air quality (IAQ). Mainaining low CO,
concentrations similar to those found
outdoors is one strategy by which indoor
air quality can be oprimized.
Environmental Issues

Opdmal TAQ may require higher veni-
larien rates, increasing energy use in the
building. H these envi |
impacts can be offset by a more produc-
tive work space that reduces absenteeism
and illness for building occupanes.

Economic lssues

A permanent air monitoring syseem en-
ables building owners, maintenance per-
sonnel, and occupants to detece air qual-
ity problems quickly so that corrective
actions can be applied. Potential impacts
of air quality problems range from re-
duced work productivity to temporary or
permanent health issues for building oc-
cupants. €O, monitoring systems in-
crease initial construction costs due to
equipment and installation costs. Inicial
costs typically range from $1,000 to
$1,500 per sampling point (depending on
the quality of the equipment and num-
ber of sampling poines), while annual
costs for equipment maintenance and cali-
bration procedures are usually less than
$2,000 overall.  The initial monitoring
system cost 15 offset by reduced absentee-
ism and increased occupant productivity.
Ofien, the lifetime of the HVAC system
is extended and more efficient HVAC

building occupants and enhance produc-
tivity. Increased oceupant health results
in decreased health insurance costs and
health care costs.

Design Approach

Strategies

Development of an appropriate and cf-
fective carbon dioxide sampling method-
ology is largely dependant upon the type
of ventilation system being used, This
section secks o provide guidance on de-

L I
pling meth-

of an effecti
odology.

Carbon dioxide sampling locations muse
be selecred so thar they provide represen-
tative readings of the €O, concentrations
in the occupied spaces served by each
HVAC system used in a building, Car-
bon diexide monitoring locations should
be selected such thar they are positioned
in locations that present the greatese chal-
lenges for the HVAC system to ad-
equarely ventilate. These spaces include
those with variable occupant densities
(e.g., conference rooms, auditoriums,
training rooms, etc.) and those locations
within the space served by the longest
lengths of ductwark,

Automanc ventilation contral should be
provided for all HVAC systems serving a
large number of spaces or spaces with
variable occupant densities,. Manual ven-
tilation control may be wsed for spaces
with static occupant densiries, bur the
most responsive comfort control is pro-
vided by an automated system. Spaces
with static occupant densities must cach
be controlled or they can be combined



into small groups if the combined floor

Technol,

area of the group is reasonably small. The
optimum location for sampling in a room
is six to ten feet from the nearest person.
Sampling | should be positioned
1o avoid low CO, concentration air en-
tering the space through open windows
and supply air venes.

For HVAC systems that serve multiple
spaces with a small combined floor area,
the indoor CO, sampling point may be
located in the return air duce ar the junc-
tion point where the return air is com-
bined from all of the multiple spaces
served, provided this point is far enough
away from the locarion where return air
is exhausted or outside air is introduced
into the HVAC system. Siting the sam-
pling paint in this location will mitigare
the risk of diluting the return air. The
duer joines should be effectively sealed.
Oecupant use and schedule changes
should be considered when establishing
and ing venrilation

Indoor CO, concentrations must be com-
pared to ourdoor CO, concentrations to
derermine che differential poine at which
ventilation rates should be adjusted. The
differential CO, level char activates ven-
tilation within each space must be based
on occupant activity level and the corre-
sponding metabolic rate (MET) defined
in ASHRAE Standard 55-1992, Table 4.
MET is the rate of energy production of
an individual, which varies depending on

i
Current systems include shared-sensor
vacuum-draw systems and diseribured
sensors. Distributed sensors are either
hard-wired or plugged into power cir-
cuitry and use carricr wave communica-
tion. Onee the system is properly cali-
brared, it is used to assess the adequacy of
airflows throughout the building incerior.
Specify annual calibration activities for
sensors per manufacturer instructions in
the HVAC system operation manual.
Include sensor and system operational
testing and initial see point adjustment
in the commissioning plan and report.

Synergies and Trade-Offs

CO, monitoring requires additional
equipment to be installed and requires
dditional issioning and
ment & verification (M&V) attention.
Building reuse may prohibit optimization
of ventilation rates due to inflexible
HVAC equipment or inadequate ouside
air intakes,

Monitoring CO), levels has significant im-
pacts on all indoor environmensal qual-
ity issues, including overall IAQ perfor-
mance, ventilation rates, chemical and
pollutant conerol, and thermal comfort.
Proper ventilation rates arc integral 1o
successful energy efficiency and air qual-
ity programs. CO, monitoring can be
used either actively or passively to alter

activity level. For offices where ocuq:;.nw
are sedentary, the CO, differential level
is approximately 530 parts per million
(ppm). The maximum CO, differencial
in ppm is equal to: (8,600 cfm of CO,
per MET) x (MET level)/cim of ourside
air per occupant, as adapred from
ASHRAE 62-2001 Appendix C.

CO, venrilation control systems must be
calibrared and tested by the conttactor and
proper operation must be verified as part of
the building commissioning process,

rates as appropriate.

Resources

Web Sites

American Society of Heating, Refrig-
erating and Air-Conditioning Engi-
neers (ASHRAE)

www.ashrae.org, (404) 636-8400
Advances the science of hearing, ventila-
tion, air conditioning, and refrigeration
for the public’s benefit through research,

ss [weEA[MRIERY 1D |
Credit 1
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Building Air Quality: A Guide for Build-
ing Owners and Facility Managers
www.epa.goviiag/largebldgs, (300) 438-
4318

An EPA publication on [ACG sources in
buildings and methods to prevent and
resolve [AQ problems,

Print Media

Air Handling Systems Design by Tseng-
Yao Sun, McGraw Hill, 1992,
ASHRAE Standard 55-1992 (and Ap-
proved Addenda of 1995): Thermal En-
vironmental Conditions for Human Oc-
cupancy, ASHRAE, 1992,

ASHRAE Standard 62-1999: Ventila-

tion for Acceptable Indoor Air Qual-
ity, ASHRAE, 1999.

ASTM D 6245-1998: Standard Guide
for Using Indoor Carbon Dioxide Con-
centrations to Evaluate Indoor Air
Quality and Venrilation, ASTM, 1998,

Case Study

Brengel Technology Center
Milwaukee, Wisconsin

The Brengel Technology Center is a LEED™ Certified Pilor
Project thar showeases advanced building conrrols technologies
o maximize energy efficiency and indoor environmental qualicy.
To improve occupant comfort and productivity, the HVAC sys-
tem in the building includes an integrated comfort component
to measure carbon dioxide (CO,)} concentrations in occupied
spaces in parts per million (ppm). The monitoring system also
measures temperature, humidity, outdoor airflow, carbon mon-
oxide {CO), and rotal volatile erganic compounds {TWVOCs). The
HVAC sysem automatically adjusts ventilation rates based on
the w0 in oprimal indoor air quality.

. Green Building Council

Efficient Building Design Series, Vol-
ame 2: Heating, Ventilating, and Air
Conditioning by J. Trost and Frederick
Trost, Prentice Hall, 1998,

Definitions

Carbon Diexide (CO.) is an indicaror of
ventilation effectiveness inside buildings.
€O, concentrations greater chan 540 ppm
abave outdoor CO, conditions are gener-
ally t‘unsul:rt:d to be an indicator ofm'\d-
it Abscl

af CO, greater than 800-1,000 ppm are
generally considered to be an indicator of
poor breathing air quality.

conct

Return Air is air removed from condi-
tioned spaces that is either recirculaved in
the building or exhausted 1o the ourside.

Supply Air is air delivered to conditioned
spaces for use in ventilating, heating, cool-
ing, humidifying, and dehumidifying
those spaces,

Conmtesy of Fimmenman Design Groups
Owner
lehnson Controls, Inc.
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Ventilation Effectiveness - | Credit 2
Intent 1 point

Pravide for the effective delivery and mixing of fresh air to support the safery, comfort
and well-being of building occupants.

Requirements

For mech Ily ilated buildings, design ventilation systems that resule in an air
change effectiveness (E ) greater than or equal to 0.9 as determined by ASHRAE 129
1997. For narurally venrilated spaces demonstrate a distribution and laminar flow pat-
tern that involves noc less than 90% of the room or 2one area in the direction of air flow
for at lzast 95% of hours of occupancy.

Submittals

3 For mechanically ventilated spaces: provide the LEED Letter Template, signed by
the mechanical engineer or responsible party, declaring thar the design achieves an
air change effectivencss (£ ) of 0.9 or greater in each ventilared zane. Complete
the table summarizing the air change effectiveness achieved for each zone.

OR

3 For mechanically ventilated spaces: provide the LEED Letter Template, signed by the
mechanical engineer or responsible party, declaring char the design complics with the
recommended design approaches in ASHRAE 2001 Fundamentals Handbook Chap-
ter 32, Space Air Diffusion. Complers the mble summarizing the air change effective-
ness achieved for each zone (must be 0.9 or greater),

OR

3 For naturally ventilated spaces: provide the LEED Letter Templare, signed by the
mechanical engineer or responsible party, declaring thar the design provides effective
ventilation in at least 90% of cach room or zone arca in the direction of airflow for ac
least 93% of hours of accupancy: Include a mble summarizing the airflow simularion
results for each zone. Include skeiches indicating the aieflow partern for each zone.

¥ of Ref ed Standard
ASHRAE 129-1997: Measuring Air-Change Effectiveness
ASHRAE, www.ashrac.org, (800) 527-4723
This lard provides a method for ing air-change effectiveness in mechani-
cally ventilared buildings and spaces. Air-change effectiveness (E) is influenced by the
partern of natural airflow within the buildings ventilated spaces in addition o the
effect of mechanical recircularion by ventilation systems. Measurement of air-change
effectiveness involves a tracer gas procedure to derermine the age of air in venrilared
spaces.
Air-change cffectiveness is based on a comparison of the age of air in the occupied
porrions of the building to the age of air thar would exist under condirions of perfect

— = LEED-NC Version 2.1 Reference Guide
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mixing of the ventilation air. I the venrilation air within a space is perfectly mixed
(E=1), the outdaor airflow rite to the ventilated space should be identical ro the re-
quired rate of outdoor airflow. The eredit requirement specifies a minimum E value

of 0.9,

ASHRAE Fundamentals Handbook 2001, Chapter 32: Space Air Diffusion
ASHRAE, www.ashrac.org, (800) 527-4723

This guideline provides descriprions of air diffusion strategies and rechnologies, meth-
ods of evaluation, and system design considerations.



Green Building Concerns

Inadequate ventilation in buildings has a
negative effect on occupant comfort and
well-being, while averventilation con-
sumes significant amounts of energy with-
out benefiting building vecupants. De-
signing the venriladion system 1o take
maximum advantage of regional climare
characreristics can help cur down on en-
ergy costs and increase ventiladon op-
tions. Through proper system design,
ventilation rates and energy efficiency can
be oprimized.

Environmental Issues

Tnereased ventilation in buildings typically
requires additional energy use, which in
rurn causes addicional air and water pol-
lurion., However, oprimal indoor air qual-
ity {IAQQ) is beneficial ro building occu-
pans, resulting in grearer comfort, lower
absenteeism, and greater productivity.

Economic Issues

Adequate vendilation in buildings may
result in higher worker productivity,
which in turn can translare ineo increased
proficability for 2 company. However, in-
creased ventilation requires more opera-
tion energy inpurs for inereased HVAC

i Therefore, these i

Design Approach
Strategies

The minimum values for ventilation air
rates in a space are determined by
ASHRAE 62-1999 as parc of 1EQ) Pre-
requisite 1. 1EQ) Credit 2 enhances the
minimum indoor air qualicy requirements
by ensuring that superior ventilacion is
delivered to the building occupants. In
general, this credit rewards the employ-
ment of architectural and mechanical sys-
tem design strategies that increase venri-
lation effecriveness and prevent shor-cir-
cuiting of airflow delivery. Ventilation
effectiveness refers to the movement of the
supply air (that contains fresh ourdoor air)
through the occupied space.

There are two approaches to venrilating
buildings: mechanical ventilation and
narural ventilation. Mechanical venala-
tion strategies use fan energy to venrilate
occupied spaces, Mechanical systems pro-
vide the most reliability and concrol.
Matural ventilation stracegies take advan-
tage of physical properties of the build-
ing design and site such as stack effects,
operable windows, and site wind patterns
o ventilate occupied spaces. Natural ven-

rilarion strategies provide a connection to
h i

it b balanesd o provide maximum
ventilation effectiveness while avoiding
overventilation,

Marural veneilation serategies are ypically
much less expensive to construct and op-
erate than mechanical venrilation serate-
gies, but require an appropriate climate
and maore comprehensive design analysis,

Community Issues

Oprimal ventilation rates improve 1AQ,
thus protecring the well-being of the
building eccupants. Increased occupant
health may resultin decreased health care
and insurance costs.

the and have low operation and
maintenance costs, Project teams should
evaluare the strengths and weaknesses of
the two app including build:
location, regional climate parterns, and
enthalpic conditions, as well as client pref-
erences in the final decision for ventila-
Tion systems.

ASHRAE 129-1997 describes a test
method for quantifying the air-change o
fectiveness (E) for a given room design.
The measured value is influenced by the
shape of room, the extent of mechanical
recirculation, the location of heat-gener-
ating objects, and air motion. Because
these variables are highly specific to each
design, a full-scale mock-up is the meost
effective way o verify E with a high level

ss [weea [Mr[§
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of confidence, See the referenced stan-
dard for more information on the pre-
seribed testing procedure,

It is imporrant to note thar resting under
ASHRAE 129-1997 15 suitable mainly for
labaratory-based conditions and is not
appropriate in most ficld applications.
ASHRAE states “the test method has been
used suceessfully in laboratory rest rooms

charging hori

Group B, 1
in or near the floor discharging a verrical
non-spreading jet; Group C, mounted in
or near the floor discharging a vertical
spreading jet; Group D, mounted in or
near the Aoor that discharge horizontally;
and Group E, mounted in or ncar the
ceiling projecting vertically. Each of these
types has strengths and weaknesses de-

ding on the load conditions. See the

to study the | e of different ven-
larion systems, but there is considerably
less experience in the field where many
factors can complicare the measurement
process and increase measurement uncer-
tainties. Therefore, the standard places
strict limitations on the characreristics of
the spaces thar can be tested with the
method. While the test method will not
be usable in all field situations, it is gen-
erally applicable in laboratory test rooms.”

ASHRAE also states that the data ser of
current test results is very small, and the rest
requires very close attention to the proto-
col described in the standard, in addition
to factors that contribute 1o some uncer-
rinty when evaluating test results. There-
fore, the standard is generally used as a de-
sign guide for ventilaton effectiveness.
Credit compliance may also be achieved
by fallowing the recommended design ap-
proaches in the ASHRAE Fundamentals
Handbook 2001, Chaprer 32: Space Air
Diffusion.

Technologies

Conventional ventilation design (that lo-
cates supply and return air vents in the
ceiling) is not preferred. Tnstead, consider
displacement ventilation (thar locares air
supply vents at the borrom of the ocen-
pied space and return vents at the rop of
the space) and natural venrilacion,

For mechanical HVAC systems, the
ASHRAE Fundamentals Handbook
2001, Chaprer 32, Space Air Diffusion
lists the five major types of outler types:
Group A, mounted near the ceiling dis-

ASHRAE handbook for derails,

There are several new applications for me-
chanical ventilation systems in the mar-
ket today that are very effective ar pre-
venting short-circuiting of airflow deliv-
ery. These applications include the use
of displacement ventilation, low velocity
ventilation, and plug flow venrilation such
as underfloor or near-floor delivery.

Figure 1 illustrares an underfloor venrila-
tion system.  Supply air is introduced
through diffusers and grills in the floor.
The air travels upward through the eccu-
pied space and is exhausted in return grills
in the ceiling, The underfloor plenum
can also be used as a cabling conduit,

MNatural ventilation strategies rely on

penings in the buildi lope to de-
velop airflows. Operable windows are the
maost common archirectural strategy em-
ployed to creare natural vencilation, cross
ventilation, and stack effects. Applicarion
of operable windows and other openings
as elements of the ventilation system re-

quires analysis of inlet and outlet location,
size, and regional climate paterns. Op-
erable windows combined with fan-pow-
ered mixing boxes do not qualify under
this credit without a demonstrable archi-
rectural straregy for natural ventilation,
Other factors 1o consider in the building
ventilation design scheme inelude win-
dows, deors, non-powered ventilators,
and building infiferation. Computer mod-
els are helphul to predicr ventilarion pro-
cesses and determine the best location for
ventilation ¢lements. Computational
Fluid Dynamics (CFD) modeling tools



Figure 1: Example of Underfloor Ventilation System

- 1k =

return air —

ceiling plenum s
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are becoming available w designers and
show great promise.

Synergies and Trade-Offs

Regional climare characreristics of the se-
lected project site may dictate whether me-
chanical or natural vennilation strategies can
b used. Ventilation serategies influence the
overall energy performance of the building
and require commissioning as well as mea-
surement & verification (M&V). Reuseof
existing buildings may preclude the use of
natutal ventilaton scraregies because the
overall airflow is already dewermined. In
some locations it may not be possible to
employ natural vencilation schemes due o
poor autdoor air quality, prevailing aidflows,

Aotk or sect-

1
autdoor

TiEy concerns.

F

Calculations

The following calculation merhodology
is used to support the credic submicrals
lisved on the first page of this credit. There

~ floor diffusers.
underfloor plenum

—— !
o i

are two compliance paths for mechani-
cally ventilared buildings.

The first compliance path is to field-test
the completed HVAC system,  Testing
must be performed as described in
ASHRAE 129-1997 after the building is
constructed to demonstrate thar air-
change effectiveness of 0.9 or greater is
achieved in all regularly eccupied areas.

The second compliance path is through
design verificarion. The designer must
prepare a derailed narrative illustraring the
design approaches that were used per the
ASHRAE Fundamentals Handbook
2001, Chaprer 32: Space Air Diffusion.
T demonstrate the vennlation design, the
mechanical engineer must describe the
essential elements of the vencilation sys-
tem in a narrative.  1f this credit is au-
dited during the LEED certification re-
view, provide a section and plan drawings
of each major toom type, showing inlets,
outlets, furniture, and occupants specific
fo the following system types:

e LEED-MNC Version 2.1 Reference Guide
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e Mixing Systems: the outler rypes, the
characteristic room lengths, the re-
turnfexhaust openings, all air veloci-
ties, and the predicted Air Diffusion
Performance Index (ADPL),

e Displacement/Unidirectional Sys-
rems: the outler types, the reurn and
exhaust openings, all air velocities,
and the predicred distribution of the

upper and lower strarification zones.

Airflow patterns must be graphically il-
Tuserared to scale, Cur sheers and specifi-
cation tables for all terminal venes, grills,
and registers must be provided and cross-
referenced 1o the drawings.

For naturally venrilated spaces, conducr
airflow simulations for each zone and
summarize the results.
tive describing system operation and
skerches or graphics that indicare air flow
patterns.

Provide a narra-

A May 2000 article in Engincered Systens
about various options for building venti-
lation,

Print Media

ASHRAE Handbook: Fundamentals,
ASHRAE, 1997,

ASHRAE Handbook: HVAC Systems
and Equipment, ASHRAE, 2000,
Heating, Ventilating, and Air Condi-
tioning: Analysis and Design, 4th Fdi-
tiot, by Faye McQuiston and Jerald
Parker, John Wiley & Sons, 1993,

Definitions

The Age of Air is the
time that has elapsed since a sample of an
molecules ar a specific locanion has en-

tered the building,

Air-Change Effectiveness is a meisur-
ment based on a comparison of the age
of air in the occupied porrions of the
building to the age of air that would exist

verage amount of

under condi
ventilagion air,

15 of perfect mixing of the

Conditioned Space is the portion of the
building that is heated or conled, or both,

Resources

Web Sites

Air Change Effectivencss Measure-
ments in Two Modern Office Building

www. fire.nist.gov/bfrlpubs/build94/
PDEBY4024. pdf

A ca Iy on venrilation effectivencss.

American Society of Heating, Refrig-
erating and Air-Conditioning Engi-
neers (ASHRAE)

www.ashrae org, (404) 636-8400

Advances the science of heating, ventila-
tion, air conditioning, and refrigeration
for the public’s benefit through research,
seandards writing, continuing education,
and publications,

Mixed Mode Ventilation: HVAC Meets
Mother Nature

www.esmagazine.com (see May 2000
archive)

for the comtort of building oecupants.

Natural Ventilation is the process of sup-
plying and remaoving air without me-
chanical ducrwork in building spaces by
using openings such as windows and
doars, non-powered ventilavors, and in-
filtration processes.

A Tracer Gas 15 a gas that can be mixed
with building
study airflow pareerns and measure the age
of air and air-change rates.

rin small amounts

Ventilation is the process of supplying
and removing air by narural or mechani-
cal means in building spaces.
Ventilation Effectiveness refers ro the
movement of the supply air (thar contains
fresh outdoar air) through the occupied
space.



Case Study

PNC Firstside Center
Pittsburgh, Pennsylvania

The PNC Firstside Center is a LEED™ Silver Project that func-
tions as a banking facilicy. The building incorporates a hybrid
local ventilation system thatr combines underfloor air diseribu-
rion with a conventional VAY system. Air is introduced through
Aoor diffusers at each workstation to deliver fresh air directly to
building occupants, Natural air convection is used to ereate up-
ward air movement in conditioned spaces and air is exhausted
through ceiling vents. This ventilation strategy creates tempera-
ture stratification about six feer from the floor, The zone below
the strarification is cool and provides 2 comforrable working en-
vironment for building eceupants. The zone above the strarifica-
tion acts as a reservoir for warmer air, This ventilation pattern is
effective at providing oprimal conditioned temg to build-
ing occupants, resulting in increased productivity while decreas-
ing HVAC operating costs.

m eQ [

Canwtony of Pakadimn Uonsiing 11

Ohwner
PNC Bank
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Construction IAQ Management Plan

During Construction

Intent

Prevent indoor air quality problems resulting from the construction/renovation pra-
cess in order 1o help sustain the comfort and well-being of construcrion workers and
building oecupants.

Requirements
Develop and implement an Indoor Air Quality (IAQ) Management Plan for the con-
struction and pre-occupancy phases of the building as follows:

®  During construction meet or exceed the recommended Design Approaches of
the Sheet Meral and Air Conditioning National Contractors Associarion
(SMACNA) IAQ Guideline for Occupied Buildings under Construction, 1995,
Chaprer 3.

® Protece stored an-site or installed absorprive materials from moiscure damage.

®  Ifair handlers must be used during construction, filtration media with a Mini-
mun Efficiency Reporting Value (MERY) of 8 must be used at each return air
grill, as devermined by ASHRAE 52.2-1999.

e Replace all filrrarion media immediacely prior to occupancy. Filimation media
shall have a Minimum Efficiency Reporring Value (IMERV) of 13, as deter-
mined by ASHRAE 52.2-1999 for media installed at the end of conscrucrion,

Submittals

3 Provide the LEED Letter Templare, signed by the general contractor or respon-
sibile party, declaring thar a Constucrion [AQ) Management Plan has been devel-
oped and implemented, and listing each air filrer used during construction and at
the end of construction. Include the MERV value, manufacturer name and model
number.

AND EITHER

14 Provide 18 photographs—six photographs eaken on three different occasions dur-
ing construction—along with identification of the SMACNA approach fearured
by each photograph, in order 1o show consistent adherence to the credic require-
ments

OR

' Declare the five Design Approaches of SMACNA 1AQ Guideline for Occupied
Buildings under Construction, 1995, Chapter 3, which were used during building
construction. Include a brief description of same of the important design approaches
employed.

[ss [we[ea e 0]
Credit 3.1
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Construction IAQ Management Plan

After Construction/Before Occupancy

Intent

Prevent indoor air quality problems resulting from the construction/renovation pro-

cess in order to help sustain the comfore and well-being of construction workers and

building occupants.

Requirements

Develop and implement an Indoar Air Qualiry (IAQ) Management Plan for the pre-

occupancy phase as follows:

®  After construction ends and prior o occupancy conduct a minimum two-

week building flush with new Efficiency Reporting Value
(MERV) 13 filtration media ar 100% ourside air. After the flush-ous, replace
the fileration media with new MERV 13 filtration media, excepr the flrers
solely processing outside air,

ORr
e Conduct a baseline indoor air quality resting procedure consistent with the
United States Environmental Protection Agency’s current Pratocol for Envi-

ronmental Reguiremenis, Baseline IACQ and Matevials, for the Reseavch Triangle
Park Campus, Section 01445,

Submittals

3 Provide the LEED Lerrer Templare, signed by the architect, general contractor or
responsible party, deseribing the building Aush-our procedures and dates.

OR

O Provide the LEED Letrer Template, signed by the architect or responsible party,
declaring thar the referenced standard’s 1AQ) resting protocol has been followed.
Include a copy of the resting resules.



Summary of Referenced Standard ESIGENT -o [
TAQ Guidelines for Occupied Buildings Under Construction Credit 3.2
Sheet Meral and Air Conditioning National Contricrors Association (SMACNA),

www.smacna.org, (703} 803-2980

This standard provides an overview of air pollucanes asseciaced with constniction, con-

ol tion process . quality control, communicarions with

oceupants, and case studies, Consule the referenced standard for measures to protect

the building HVAC system during construction and demolition activities,

ANSI/ASHRAE 52.2-1999: Meth 1 of Testing G I Ventilati Air-Cleaning

Devices for Removal Efficiency by Particle Size

ASHRAE, www.ashrae.org, (800) 527-4723

This standard presents methods for testing air cleaners for two performance characrer-
istics: the ability of the device to remove particles from the air seream and the device's
resistance w airflow. The minimum efficiency reporeing value (MERV) is based on
three compasice average particle size removal efficiency (PSE) points, Consult the

ard ! planarion of MERY value calculations. Filtration media

for 4 comy
used during the construction process must have a MERV of 13. Table 1 summarizes
the requirements for a MERY value of 13.

EPA Pratocol for Envi I Requi Testing for Indoar Air Quality,
Baseline IAQ and Materials for Rescarch Triangle Park Campus, Specification
Section 01445

wwwepa.gov/ top/ new-hld environmental{specs.hom, (919) 541.0249
Pa.gov

This specificarion section was a part of the construcion documents for the EPA’s Re-
search & Administration Facility at Rescarch Triangle Park. The section addresses
baseline indoor air quality testing and marerials testing,

Table 1: Requirerments foe o MERV Value of 13

Composite Average Particle
Size Efficiency [%]

1030 um

Minimum Final
Resistance

0.30-0.70 jim

0100 5m [P [im: of wahare]
<75% =00% =00% as0 4

= i == - ———— —  LEED-NCVersion 2.1 Reference Guide
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Green Building Concerns

Building construction processes invariably
include activitics thar contaminare the
building during construction, Often,
these activities result in residual building
contamination that continues to impace
indoor air quality over the lifetime of the
building. HVAC systems are especially
prone to contamination from particulace
matter generatcd during construction ac-
tivities. This particulate matter can in-
clude dust, volatile organic compounds
(VOCs), microorganisms, and other con-
taminants that remain in HVAC systems
for years. Building occupants may expe-
rience reduced productivity and adverse
well-being cffects as a resule.

Fortunately, construction management
strategies can be instituted during con-
struction and before occupancy 1o mini-
mize the potential for building contami-
nation and o remediace or clean up any
contamination that has vccurred. Pro-
tection of HVAC systems during con-
struction, 1AQ resting, and flush-out of
the building prior o occupancy are ef-
fective methods to mitigate the impact of
construction activities and products en
1AQ.

Environmental Issues

A ventilaton flush-out prior 1o occupancy
may require additional energy use, which
is associated with air and water pollution.
However, contaminant reduction is ben-
eficial to building accupants, resulting in
greater comfort, lower absenteeism, and
greater productivity.

Economic Issues

Supertior indoor air quality is likely to in-
crease worker producrivity, manslating to
greater profitability for companies. Ad-
ditional time and labor may be required
during and after construcrion to prorect
and clean venrilation systems. However,
these actions can extend the lifetime of
the ventilation system and improve ven-

dilation system efficiency, resulting in re-
duced energy use.  The sequencing of
marerial installation may require addi-
tional time and could porentially delay
the date of initial occupancy. Early coor-
dination between the contractor and sub-
conrractors ¢can minimize or eliminare
scheduling delays.

Community Issues

Contaminants from the construction pro-
cess can affect the health of construction
workers during conscruction and build-
ing users during occupancy. 1F these con-
taminants remain in the building afier
occupancy commences, they may affect
the quality of indoor air, leading o ex-
pensive and complicared clean-up proce-
dures. Construction worker health issues
are addressed by federal and state regula-
tions, primarily these of the Occupational
Safety and Health Administration
(OSHA). However, building occupants
are not covered under these regulations.

Design Approach

Strategies

This credit hinges on performance by the
builder. Regardless of the project deliv-
ery mechanism, be it design/bid/build or
design/build, it is imperative char the gen-
eral contracror implement an [AQ Man-
agement Plan for the construction pro-
cess. In sume cases the architect may pro-
vide a draft plan that the contractor then
railors to the situarion.
the contractor is charged with creating the
plan in order to keep the roles and re-
spansibilities perfectly clear.

The plan should address the protection
of the veniilation system components
during construcrion and cleanup of con-
raminated components after construction
is complete. Require temporary ventila-
tion in the General Conditions of the
CONStrUction contract.

In other cases,



Include construction-related 1AQ proce-
dures in the pre-construction and con-
struction progress meeting agendas. Alsa,
make efforts o ensure that all participants
in the construction process are aware af
the 1AQ) procedures and understand the
importance of the goals of the [AQ) Man-
agement Plan.  If necessary, identify an
owner's representative as the [AQ Man-
ager w identfy 1AQ) problems and require
mitigation as necessary.

The referenced SMACNA standard rec-
ommends contral measures in five arcas:
HVAC protection, source control, path-
way interruprion, housckeeping, and
scheduling. The second porrion of this
credit provides an additional point for a
sixth control measure: building Aush-our
or [AQ resting. For each project, review
the applicability of each control measure
and include those that apply in the firal
IAQ Management Plan. The control mea-
sures are as follows:

HVAC Protection—Shut down the re-
wen side of the HVAC system (which is,
by definition, ductwork under negative
pressure) whenever possible during heavy
construction or demolition. The retarn
side should also be isolated from the sur-
rounding environment whenever pos-
sible. For example, all ceiling riles for the
ceiling plenum should be in place and all
leaks in ducts and air handlers should be
repaired prompely. 1 the ventilation sys-
tem must be operated during construc-
tion, it should be fired with temporary
filters that can be replaced with clean
media just prior to completion and oveeu-
Pl“c}ﬂ

The return side of the HVAC system
should be dampeted off in the heaviest
work arcas and return system openings
should be sealed with plastic. Upgraded
filter efficiency is recommended where
major loading is expected.

Source Control—Specify finish mareri-

als (such as paints, carper, composite

wood, adhesives, and sealants) thar have
low toxicity levels, or none at all. Low-
toxic materials selection is covered under
1EQ) Credit 4. Materials that are poten-
ually noxious should be identified by the
project architecr, and conerol measures
specified (options as described in the
SMACNA guidelines).

Pathway Interruption—During con-
struction, isolate areas of work to prevent
contamination of clean or occupied
spaces. Depending on the dimate, ven-
tilave using 100% outside air to exhaust
contaminated air dircctly to the ourside
during installation of VOC-emirring
materials. Pressure differentials berween
construction areas and clean areas can be
utilized to prevent contaminated air from
entering clean areas. Such strategies of-
ten require the erection of remporary bar-
riers between work areas and non-work
areas,

H, keeping—Instituce g
tivities concentrating on HVAC and
building spaces to remove contaminants
from the building prior 10 oceupancy.
Building marerials should be prorected
from weacher and stored in a clean area
prior to unpacking for inseallation, All
coils, air filters, and fans should be cleaned
before performing resting and balancing
procedures and especially before conduct-
ing baseline air quality rests.

ac-

Scheduling—Specify construction se-
quencing to reduce absorprion of VOCs
by porous marerials, Complere applica-
tions of wer and oderous materials such
as paints, sealants, and coatings before
installing absorbens “sink” marerials such
as ceiling ciles, carpers, insulation, gyp-
sum products, and fabric-covered furnish-
ings. Materials directly exposed o mois-
wre through precipication, plumbing
leaks, or condensation from the HVAC
system are susceptible o microbial con-
amination and should be replaced.

IR - [
Credit 3
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Flush-out—Conduct a minimum two-
week building Aush-out wich MERV 13
filtration media and 100% ourside air af-
ter construction ends and prior to occu-
pancy. After fush-our, new MERV 13
filters must replace all filters except those
solely processing ourside air.

TAQ Testing—For each building area

Sheet Metal and Air Conditioning Na-
tional Contractors Association
(SMACNA)

www.smacna.org, (703) 803-2980
Professional trade association thar pub-
lishes the referenced seandard as well as
Tndoor Air Quality: A Systems Approach, a

where the maximum concentration lim-
its arc exceeded, identify and mitigace
pollutant sources (if possible) and con-
duer a partial building flush-out for &
maximum of two weeks. Retest for any
contaminant concentrations that were
exceeded. Repear this process uncil ap-
propriate concentration levels are

achieved,
Synergies and Trade-Offs

Proper construction waste management
procedures can minimize the possibility
of building contaminaion. Teis also im-
portant to choose building materials that

ial for inating

compreh discussion of the sources
Dr‘lll 11 hod. ﬂ{

coneral, and management techniques.,

Print Media

Indoor Air Quality, Construction Tech-
nology Centre Adantic. Written asa com-
prehensive review of indoor air quality
issues and solutions, the report is avail-
able for purchase from ctea.unb.ca/TACY
index.hem ar (506) 453-5000,

Definitions

A Construction IAQ) Management Plan
is a document specific to a building
project that outines measures to mini-

mize e

have a low | g
the building, such as low-VOC paints,
adhesives, and sealants.

Resources

Web Sites

EPA Bascline IAQ Specifications
www.epi.govi rip/new-bldg/environmen-
talfspecs.hem, (919) 541-0249

These specifications were used for the
EPA's Rescarch Triangle Park Campus and
include baseline TAC) resting and mareri-
als resting procedures.

EPA Fact Sheet: Ventilation and Air
Quality in Offices
www.cpa.govliaq/pubs/ventilat.heml,
(800) 438-4318

This EPA publication addresses TAQ is-
sues for office buildings.

ion in the building dur-
ing construction and to flush the build-
ing of contaminants prior to occupancy.
HVAC Systems include heating, venti-
lating, and air-conditioning systems used
to provide thermal comfort and venrila-
tion for building interiors.




Case Study

Greater Pittshurgh Community Food Bank
Pittsburgh, Pennsylvania

The Grearer I’itlxburgh Community Food Bank is a LEED™
Silver Pilor Pm]m serving Icn:al faod hank_-i in Western Pennsyl-
vania. The b g houses distib b and pro-
cessing facilities andiis designed to utilize site resources and be a
positive workspace for build.ing occupants. An indoor air quality

plar was adopred to avoid air ¢ ination in the
huuldmg during construction activides. VOCs were controlled
through source reduction and housekeeping effores. Particulate
contaminarion was reduced by physically separating the HVAC
system from construction activities and by cleaning the HVAC
system before occupancy. Combustion was concrolled by limic-
ing combustion acrivities on site and locating combustion sources
away from air supply intakes. Finally, cleaning agents were speci-
fied to contain no chlorine or ammania.

antner 3 Pyt Archises 1y

Cramer
Greates Pittshurgh Community Food Bank
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Low-Emitting Materials

Adhesives and Sealants

Intent

Reduce the quantity of indoor air i tharare P irritating
and/or harmful to the comfort and well-being of installers and occupants.

Requirements

The VOC content of adhesives and sealants used must be less than the current VOC
content limits of South Coast Air Quality Management Districe (SCAQMD) Rule
#1168, AND all sealants used as fillers must meer or exceed the requirements of the
Bay Area Air Qualicy Manag, Districe Regulation 8, Rule 51.

Submittals

O Provide the LEED Lerrer Template, signed by the architect or responsible party,

listing the adhesives and sealants used in the building and declaring thar they meer
the noted requirements.

ss [we Ea MR 10
Credit 4.1

1 point
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 Low-Emitting Materials

Paints and Coatings

Intent

Reduce the quantity of indoor air conraminants that are odorous, porentially irritating
and/or harmful w the comfort and well-being of installers and occupants.
Requirements

VO emissions from paints and coatings must not exceed the VOC and chemical
companent limits of Green Seal’s Standard GS-11 requirements.

Submittals

4 Provide the LEED Letrer Template, signed by the architect or responsible party,
listing all the interior pains and coatings used in the building thar are addressed
by Green Seal Standard GS-11 and stating thar they comply with the current
VOC and chemical component limits of the standard.



55 [We[EA [MRIES] 1D ]

Low-Emitting Materials Credit 4.3
Carpet .

1 point
Intent
Reduce the quantity of indoor air ¢ i thar are od ially irritating

and/for harmful to the comfort and well-being of installers and occupans.

Requirements

Carpet systems must meet or exceed the requirements of the Carper and Rug Instiruec’s

Green Label Indoor Air Quality Test Program.

Submittals

< Provide the LEED Letter Template, signed by the architece or responsible party,
listing all the carpet systems used in the building and stating thar they comply
with the current VOC limits of the Carper and Rug Instivure’s Green Label Indoor
Air Quality Test Program.

LEED-NE Version 2.1 Reference Guide
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Low-Emitting Materials
Composite Wood

Intent

Reduce che quantity of indoor air o i that are od P y irritating
and/or harmful wo the comfort and well-being of installers and accupants,
Requirements

Composite wood and agrifiber products must contain no added urea formaldehyde
resins,

Submittals
I3 Provide the LEED Lener Template, signed by the archirect ar responsible party,
listing all the composite wood products used in the building and seating thar they
contain no added urea-formaldehyde re




s y of Referenced Standard
South Coast Rule #1168 by the South Coast Air Quality Management District

South Coast Air Quality Manag District, qmd. govirules/hemlirl 168.heml,
(909) 396-2000,
The South Coast Air Quality Managy Disericy is a gover ization in

Svuthern California with the mission to maingain healchful air quallt'_v for its residens.
The organization established source specific standards o reduce air quality impacrs.

The Sourh Coast Rule #1168 VOC limits for adhesives are summarized in Tables 1a
and 1b.

Table Ta: South Coast Rule #1168 VO Limits

& Installation VOC Limit Welding & Installation

MNon-vinyl backed installation 150 PVC welding 510
Carpet pad inataliation 150 CPVC welding 490
Wood flooring instaltation 150 ABS welding 400
Ceramic tile instaliation 130 Plastic cement welding 350
Dry wall & panel instaliation 200 Cove base installation 150
Subfloor instaliation 200 Adhesive primer for plastic 650
Rubber floor installation 150 All others 250
VCT & asphall tle installation 150

Table 1h: Sulstiate VOU Liméis

Substrates ngﬁ

Taik)
Metal to metal 30
Plastic foams 120
Porous material excepl wood 120
Woad 30
Fiberglass 200

Credit 4
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Regulation 8, Rule 51 of the Bay Area Air Quality Management District (January
7, 1998)

Bay Area Air Quality Management District, www.baaqmd.gov, (415) 771-6000
This California regulatory agency develops and air polluri lations in its
seven-county jurisdiction. Tables 2 and 3 summarize Regulmon 8, Rule 51 limits on
VOCs for sealants and sealant primers.

Table 2: Sealant VO Limits Table 3: Sealant Primwer VOU Linis
= voc - VocC
Sealants Lirmit Sealant Primer Limit
o] Tl
Architectural 250 Architectural {non-porous) 250
Roadways 250 Architectural {porous) 775
Roofing material installation 450 Other 750
PVC welding 480
Other 420
Green Seal Standard GS-11

Green Seal, wwwigreenseal.org, (202) 872-6400

Green Sca] is a nonprofit org; ion that f the and sale of envi-
ibl pmdum dard GS-11 was developed for paints

and primers. Table 4 summatives linirs on VOCs in grams per liter for i mt:nol paints

from April 1999,

i

Table 4: Gireen Seal Limits for Interior Paints

Paint VoL

t
Non-flat 150
Flat 50




Carpet and Rug Institute Green Label Testing Program

Carpet and Rug Institute, www.carpet-rug.com, (800) 882-8846

The Carpet and Rug Institute is a trade izari g5 the carper and rug
industry, The organization established the Gieen Tabel Tﬁtmg Program Limizs to
identify low-emirting carper products for consumers. The Program established limits
on VOCs for carpets, cushion, and adhesives, as summarized in Table 5.

Table 5: Carpet and Rug Institute VOC Lisits

Emission Factor Limit Emission Factor Limit

Carpets Total VOCs 0.50 Cushion Total VOCs 1.00
4-Phenylcyclohexens 0.05 4-PC [4-phenylcyciohexens) 0.05
Formaldehyde 0.05 Formaldehyde 0.08
Styrene 0.40 BHT (butylated hydroxytoluene) 0.30

Adhesives Total VOCs 10.0
Formaldehyde 0.05
2-Ethyl-1-Hexanol 3.00

ss [we ea [wrEe] 0]
Credit 4
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Recycled Content
MR Credit 5
Local/Regignal ‘
Matesials
MR Credit &
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Materials
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Minimum 1AQ
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EQ) Credit 3
Construction LA ‘
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Green Building Concerns

A large number of building products con-
tain compotnds that have a negarive im-
pact on indoor air quality and the Earch’s
armosphere. The most prominent of
these compounds, volarile organic com-
pounds (VOCs), contribute to smog gen-
eration and air pollution ourdoors while
having an adverse effect on the well-be-
ing of building occupants indoors. By
selecting low-emitting marerials, both
outdoor and indoor air quality impacts
can be avoided. This eredir rargets those
building marerials that are commonly as-
sociated with high-VOC cantent, includ-
ing adhesives, paints and coatings, carper
systems, composite wood, and agrifiber
products.

Environmental Issues

VOCs are chemieal compounds that con-
tribute to air pollution inside and out-
side of buildings. VOUCs are of concern
because they react with sunlight and ni-
trogen in the atmosphere to form ground-
level ozone, a chemical that has a derri-
mental effect on human health, agricul-
tural crops, forests, and ecosystems.
Urone damages lung rissue, reduces lung,
function, and sensitizes the lungs o other
irritants. Ozone is also a major compo-
nent of smog, which affeces agriculiural
crops and forestland,

Economic lssues

Healthy accupants are more productive
and have less illness-relared absenreeism.
Use of high-VOC content materials can
cause illness and may decrease occupant
productivity. These problems result in
increased expenses and liabilicy for build-
ing owners, aperators, and insurance com-
panies. Asa result, che construction mar-
ket is driving product manufacturers to
offer low-VOC alternatives 1o conven-
tional building products. Costs for these
low-VOC products are generally compei-
tive with conventional materials,

However, some low-VOU marerials are
mare expensive than conventional mare-
rials, particularly when the products are
firse ineroduced to the markerplace. Low-
VOC produces may also be difficult o
abrain for some product types. However,
these problems will recede as applicarion
of low-VOC products become more com-
maonplace.

Community Issues

VOCs impact indoor air quality and con-
tribute o sick building syndrome, build-
ing-relared illnesses, and mulriple chemi-
cal sensitividies. Application of products
containing VOUs also affects ourdoor air
quality, creating smog and producing an
unhealthy environment. By using low-
VOC producrs, these problems can be
avoided, creating a more favorable envi-
ronment for building eccupants and
neighbors,

Design Strategies

Strategies

This credirapplics to produces and instal-
lation processes thar have the abiliy
adversely affect indoor air quality (1AQ)
on site: those that are exposed to interior
spaces accessible by occupants, While
projects should strive to limir the use of
VOC-emivting materials on the building
exterior or the project site, their use is not
addressed under this eredit.

Develop a project outline specification in
early design stages, and include criteria
for materials with low-VOC characreris-
tics. Materials to address include con-
struction and finishing materials.

Research and specify low-VOC producrs
hased on durabilicy, performance, and en-
vironmental characeeristics. Material
Safety Dara Sheets (MSDS) from prod-
uct manufacturers may not include infor-
mation on VOC content. Thus, it may
be necessary to request emissions test dara



from product manufacrurers and compare
this test data with comparable products.
VOC emissions data should exclude the
colorants in paints, Ensure that contami-
nant limits are clearly stared in Division
1 and in specification sections where ad-
hesives, sealants, coatings, carpets, and
composite woods are addressed.

Consider field monitoting for emission
levels in the building during inseallation
and prior to building occupancy. Con-
sider implementing an ongoing, periodic
review of 1AQ over the lifetime of the
building,

Synergies and Trade-Offs

Material selection is important to creat-
ing interior spaces with low-VOC levels,
Locally sourced marerials and those ma-
terials created with recycled content, rap-
idly renewable materials, and certified
wood may have high VOC content and,
thus, may be inappropriate for the project.
Use of low-VOC products improves in-
door air quality during the construction
process as well as over the lifetime of the
building.

Calculations

This credit applies to products and instal-
lation processes that have the ability to
adversely affect indoor air qualiry (IAQ)
on site: those that are exposed to interior
spaces accessible by occupants. While
projects should strive to limir the use of
WVOUC-emirting marerials on the building
exterior or the project site, their use is not

addressed under this credit,
Documentation for the four suberedits
lly consists of recordkeeping. En-

ter summary VOC data for products in
the LEED Lerrer Templace. 1F chis credit
is audired during the LEED certification
review, provide cut sheets containing
VOC daca.

Caleulations are necessary only when us-
ing the “VOC budger,” which isan alrer-

native compliance pach thar allows for

specialty applications for which there are
no low-VOU product oprions. Such a
budger can be used to d over-

SIEENT <o [

Credit 4

all low-VOC performanee for paints or
adhesives (nor a combination of both).
The applicant must establish a baseline
VOC budget based on the appropriate
referenced standard and meer the budget
based on the amount of each product used
and respective VOC coneentrarions. To
develop a VOC budger, define applica-
tion rates of products and how much of
each is necessary for the project. Com-
pare this baseline case to a design case that
lists and sums VOCs for the products that
are (or will be} specified for the project,
for the same areas of application. If the
total VOC limir of the design case is lower
than the baseline case, the point can be
carned.

Resources

Web Sites

Formaldehyde Update
www.cpsc.gov/CPSCPUB/PUBS/
725.heml

An informartional document from the
Consumer Produce Safery Commission.
GreenSpec

www.greenspec.com, (802) 257-7300
Detailed listings for more than 1,500
green building producs, including envi-
ronmental dara, manufacturer informa-
tion, and links to additional resources.

Master Painters Institute’s Environ-
mental Issues Web Page
www.paintinfo.com/green

Ten Basic Concepts for Architects and
Other Building Designers
www.buildinggreen.com/elists/
halpaperheml, (802) 257-7300

A primer on [AQ basics from Enpiron-
mental Building News.
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Zero VOC Paint Manuf:

carb and carbonate).

www.aqmd.gov/business/brochures
zerovoc.huml

A listing of paint manufacturers that of-
fer producrs with no ar low VOC con-
tent, provided by the South Coast Air
Quality Management District.

Print Media

ASTM D5116-97: Standard Guide for
Small-Scale Environmental Chamber
Deteriinations of Organic Emissions
from Indoor Materials/Products,
ASTM, 1997,

Indoor Air Quality Primer, by Dagmar
Schmide Etkin, Cutter Information
Corp.; 1993,

“Paint the Room Green” in Environ-
mental Building News, Volume 8, Nurm-
ber 2, February 1999.

Definitions

Formaldehyde, a naturally oecurring
VO, is found in small amounts in ani-
mals and plants, but is carcinogenic and
an irritant to most people when present
in high concentrations—causing head-
aches, dizziness, meneal impairment, and
other symproms. When present in the
air at levels above 0.1 ppm (parts per mil-
lion parts of air), it can cause watery eyes,
burning sensations in the eyes, nose, and
throar; nausea; coughing; chest ightness;
wheezing; skin rashes; and asthmatic and
allergic reactions. Urea formaldehyde is
a combination of urea and formaldehyde
that is used in some glues and readily de-
comyj at room temp Phenol
formaldehyde, which off-gasses only at
high temperature, is used for exterior
produces, although many of those prod-
ucts are suitable for interior applicarions,
Volatile Organic Compounds (VOCs)
are carbon compounds thar participare in
armaospheric photochemical reactions (ex-
cluding carbon monoxide, carbon diox-
ide, carbonic acid, metallic carbides and

The compounds vaporize (become a gas)
ar normal room temperatures,



Indoor Chemical & Pollutant Source Control

Intent

Avoid exposure of building sccupants 1w potentially hazardous chemicals thar adversely
impact air qualiry.

Requirements
Design to minimize poll cross-oe inarion of regularly eccupied areas:
e Employ permanent entryway systems {grills, grates, etc.) to caprure dirt, par-

ticulates, eec. from entering the building at all high volume entryways.
Where chemical use oceurs (including housekeeping areas and copying/prini-
ing rooms}, provide segregated arcas with deck o deck parritions with sepa-
rate outside exhaust ar a race of at least 0.50 cubic feer per minute per square
foor, o sir re-circularion and maintaining a negarive pressure of ar lease 7 PA
(0.03 inches of water gauge).

Provide drains plumbed for appropriare disposal of liquid wasee in spaces where
water and chemical concentrate mixing occurs,

Submittals

0 Provide the LEED Lerter Template, signed by the architect o responsible parry,
declaring thae:

® Permanent entryway systems (grilles, grates, erc.} to caprure dirt, particulates,

ete. are provided at all high volume entryways.

Chemical use areas and copy rooms have been physically separated with deck-
to-deck partitions; independent exhaust ventilation has been installed ar 0.50
cfmisquare foor and thar a negative pressure differential of 7 PA has been
achieved.

In spaces where warer and chemical concenrrate mixing occurs, drains are
plumbed for environmentally appropriace disposal of liquid waste.

y of Referenced Standard

There is no standard referenced for this credir,

'S [WE[EAME]
Credit 5
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Green Building Concerns

Some common building acrivities have a
negative impact on indoor air qualiry. Oc-
cupants and visitors entering the build-
ing may bring in contaminants on their
shoes or clothing that can infilcrare the

ventilation system. Other seemingly be-
nign practices such as photocopying,
faxing, and mixing housekeeping liquids
can contribure significantly o airborne
contaminants, affecring the health and
productivity of building eccupants. By
reducing the impacts of these activities,
superior indoor air qualiey can be main-

rained.

Environmental Issues

Additonal materials and energy may be
required to provide entryway systems and
isolated chemical use arcas, This can in-

crease natural resource consumprion as
well as air and water pollution. However,
through proper management of hazrd-
ous chemicals used for building opera-

tions and maintenance, chemical spills
and accidents can be avoided thar would

otherwise harm wildlife and ccosystems,

Economic Issues

Additional sinks, drains, and scparate ex-
hausts for copying and housckeeping ar-
eas can increase the project’s overall ini-

tial cost. However, effective cleaning
coupled with good
tiatives should prove

spaces and systen
human health i
economically sound over the liferime of
the building. Clean air can help suppore
worker productivity, and this manslaces
into increased profitability for the com-
pany. Reducing the porential for spills
can avoid costly environmental cleanups.

Community Issues

Good housekeeping benefits the commu-
nity by reducing the potential for chemi-
cal spills that can impact neighboring
propertics.  An environmentally sound
building also supports the well-being of
accupants, which may contribute to low-

ering health insurance rates and health
CAre Costs.

Design Approach

Diesign all exterior entrances with perma-
nent eneryway syseems (e.g, grills and
gratesh o carch and hold dir particles and
to prevent contamination of the building
interior. Design exterior stone, brick, or
concrete surfaces o drain away from
building entrances. The landscape design
at building entrances should urlize low
maintenance vegeration, Species that
diop ber nd leaves should
be avoided in entrance arcas so that or-
ganic matter does not migrate into the
building on occupants’ shoes. Pl se-
lection should also be based on an inte-
grated pest management approach o
eliminare pe: e applhi ns that have
the potential for tracking inro dhe build-
ing. Provide a water spigot and elecrical

wd

5, flowers,

ourtlet at entryways for maintenance

cleaning activities,

ically isolate ocoupant activities as

red with chemical use through proper
design.  Isolation includes ad-
equare and secure storage areas for house-
keeping equipment and produces. All of
these areas should accommodare sinks and
deains plumbed for appropriate disposal
of liquid waste and sepa
vented to the outside thar

te exhausts
re operated
under negative pressure, To ensure thar
these features remain effective over time,

building owners should instivure opera-
tions and mai
for chemical usage and storage.

e Eralning

Dhuring early blocking and stacking stud-
ies, design copy and printing rooms with
structural deck-to-deck partitions and
dedicared exhaust ventilation systems,
Locate high-volume equipment (e.g.,
copiers, printers, and fax machines) away
from regularly occupied areas and provide
physical isolation of this equipment. Pro-
vide dedicated localized exhaust systems
and locate discharge points away from



HVAC system air intakes. Convenience
(small) copier and printer use should be
minimized where possible. Although en-
couraged, designing exhaust systems thar
account for convenience copier and
printer use is not a required pare of this
credit.

Synergies and Trade-Offs
Additional ves

Hon systems to mitigace
comtaminating building activities may af-
fect building energy performance and re-
quire ¢ issioning and

and verification ateention.  Ventilation
system design will also be affected, 1F an
existing building is being reused, che
building layour may prohibit deck-ro-
decl separation and sepatate ventilation
systems for chemical use areas. Reeyclable
storage areas may be considered ro be con-
aminant sources, depending on the items
recycled. Janitorial supplies may impac
indoor air quality il nor wiscly chosen.

Resources

Web Sites

Green Seal

WWW.E Lorgliece
{202) 872-6400

Product recommendarions for general
purpose cleaning solutions.

Janitorial Products Pollution Preven-
tion Project
www.westpZner.org/janitorialijpd hom

ental and nonprofic project
i issues and provides face
sheets, tools, and links,

EPA Environmentally Preferable Prod-
uct Information
www.epa.goviopptiner/epp/roals!
toolsuite hem

This list of tools includes links w clean-
ing, product information and a darabase
of environmental information on over

600 products, including janirorial and
pest conerol products.

Print Media

Clean and Green: The Complete Guide
to Non-Toxic and Environmentally Safe
Honsekeeping by Annic Berthold-Bond,
Ceres I'ress, 1994,
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Controllability of Systems
Perimeter Spaces

Intent

Provide a high level of thermal, ventilation and lighting system control by individual
occupans or specific groups in multi-occupant spaces (ie. classrooms or ¢
areas) to promote the productivity, comfort and well-being of building OECupants.

nference

Requirements

Provide ar lease an average of one operable window and one lighting control zone per

200 square feer for all regularly occapied areas within 15 feer of the perimeter wall,

Submittals

L Pravide the LEED Letter Template, signed by the archivecr or responsible party,
demonstrating and declaring thar for regularly occupicd perimeter areas of the
building a mini of one aperable window and one lighting control zone are

provided per 200 square feet on average.

1 point
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Controllability of Systems

Non-Perimeter Spaces

Intent

Provide a high level of thermal, ventilation and lighting system control by individual
occupants or specific groups in multi-occupant spaces (i.c. classrooms or conference
arcas) to promate the productivity, comfort and well-being of building occupants.
Requirements

Provide controls for each individual for airflow, wmperature and lighting for ar least
50% of the occupants in non-perimeter, regularly occupied areas.

Submittals

O Provide the LEED Lerter Templare, signed by the archirect or responsible party,
demonstrating and declaring that controls for individual airflow, temperature and
lighting are provided for at least 50% of the occupants in non-perimeter, regularly
occupied areas.

Summary of Referenced Standard

There is na standard referenced for this credic.



Green Building Concerns

C A T

are
! d as sealed with no
occupant control over temperarure and
ventilation and virwally no physical con-
nection to the building grounds and

i ing arcas, By p g indi-
vidual controls such as thermostars, vents,
operable windows and shading devices,
occupants can customize the
vironment to their own preferences.

door en-

Environmental lssues

Individual control of building systems can
increase occupant comfort and save en-
erpy by eliminating unwanted or unnee
essary space conditioning,

Economic Issues

The most frequent occupant complaing
involves thermal discomfore.
thermal comfore may increase occupar
pertormance and artendance and, ar least,
will reduce complaints. Since workers are
by far the largest expense for most com-
panics taccording to the Rocky Moun-
tain Instinute’s Gireen Develaproents in Real
Estate, office worker salaries are estimired
1o be 72 times higher than energy costs,
and they account for 92% of the life-¢y
cost of a building), this issue has a rre-

mendous effect on overall costs. Case
studies have shown productivity increases
from 1% o 16%, saving companies mil-
lions af dollars per year.

Greater

ler

cupants on the design and funcrion of
system controls,

Community Issues

Building occupants with more control
over their environment tend  be more
productive and healthicr, This may lead
o stabilized health insurance rates and
decreased health care costs,

Design Approach

Strategies

The credir encourages the design 1o be-
gin with the occupants in mind.
planning, lighting schemes and HVAC
desipn muse be well integrared early in
the design,

Space

Operable windows are perhaps the single
most desired fearure building sccupants
request in the progeamming phase of a
project. The design team should be can
tioned char the inclusion of this feamre
raises a host of issues that need o be re-
solved early in the project design stages.
The first decision regarding the window
design is whether the opening provides a
vision function, a daylighting function,
or both. This decision will help derer-
mine the preferred sive, orientation and
aspect ratio of the windows. Nexy, the
ventilation function of the operable sash
should be determined. The ventilation
characeeriseics of a window ¢
a modest connection o the ourdoors are

provides

Additional ther s, operable win-
dows and lighting controls can increase
first costs for the building, However, these
costs are generally offser by encrgy sav-

lifferent from a window that can provide
a portion of the cooling requirements for
the interior space. Onee all of these pa-
rameters are established, the design of the

ble portion of the window can be

ings through lower ¢ |

ures, matural ventilasion and less solar
gain through proper use of shading de-
vices, Conversely, abuse of personal con-
trols such as serting thermostats wo high
or leaving windows open during non-
waorking hours increases energy costs.
Theretore, it is imporrant ro educare oc-

F
incarporated inta the ol fenestration

design.

In modern buildings, good engineering
practice leads to a posirive venrilarion
scheme for all regularly occupied spaces.
In a waditional HVAC mixing system
such as variable air volume (VAV), oper-
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able windows are difficult to accommeo-
date. Either operable window designs
need to be modest in size and low in quan-
tity, ora control interface with the HVAC
system should be specified to prevens
counterproductive operation.

A simple control interface might include
a light indicating when the HVAC is op-
erating and when closed windows would
provide the grearest comfort. An inter-
mediate system mighe only allow econo-
mizer operation when windows are open.
A mote complex scheme would sense if
there were too many windows open, sig-
nal the building energy management sys-
tem to close the windows with actuarors,
and then stare the HVAC syseem.

The lighting controls required in the pe-
rimeter zone go beyond those required by
the AHSRAE 90.1-1999 requirements,
and simple switching sarisfies the credic
requirement. However, more sophisti-
cated occupancy and dimming controls

opportunirics, depending on the finan-
eial structure of the projecr.

Individual lighting contral in core loca-
tions of a floor plan is a relatively straight-
forward installation, Further control is
then provided at the individual level with
rask lighting. For example, furniture sys-
rems can include buile-in task lightng.
For finer control, larger ambient lighting
zones can be sub-switched or conrrolled
by occupancy sensors to provide smaller
lighting zones,

Educate occupants on individual control
of their office space environment. A
manitoring system can be implemented
to maintain proper system operation and
signage if effective to remind ecoupants
of their responsibilities (e.g., turning
down the thermostat at night and cdlos-
ing windows).

Synergies and Trade-Ofis

Conventional HVAC systems have a cost

may result in i i and
CRergy conservation.

Individual temperature and ventilation
controls can increase first costs when
implemented in the core of a building
plan. As there is no access t operable
windows for ventilation, the only system
left to control is the mechanical delivery
of air. The cost of individual VAV mix-
ing boxes may be prohibitive for conven-
tional HVAC systems, both for the addi-
tional boxes and the cost of the extra
ducrwork. VAV systems for non-perim-
eter areas can wse a 1:1:2 rerminal box o
controller to occupant ratio to caprure this
credir.
There are a number of new systems that
combine an underfloor air system with
tividual controls at the desktop. These
Personal Enviranmental Control (PEC)
systems transfer a large portion of the
HVAC system control from the capiral
improvement budger to the furnishing
budger. This can create challenges or

that drives building design to-
wards larger venrilation zones with fewer
contrals. To successfully integrate con-
trellabiliey of systems into building de-
sign, the ceonomic benefies of user satis-
faction and producrivity should be com-
pared wich first costs.

Aleeration of the ventilation and lighting
scheme may change the energy perfor-
mance of the building and may require

i ing and and
verification artention. Controllability of
systems may not be possible for occupants
in existing buildings being rehabilicared,
especially with regard to operable win-
dows. The degree of occupant controls
will affect the performance of the venti-
lation system. Daylighting and view strar-

egies are affected by the window design.
Calculations

The following calculation methodology
is used to support the credit submiteals
listed on the first pages of this credic. To
caleulate the degree of occupant conerol,




follow the calculation methodolagy as
oudined in the following paragraphs. The
methodology is separated into perimerer
caleulations and non-perimerer calcula-
rions for regulady occupied spaces. Mulri-
occupant group spaces, such as conference
rooms and classrooms, should be ac-
1 for sep Iy in the caleulas
following the special requirements for
these spaces. Exclude zones such as hall-
ways and lobbies, which are non-regularly
accupied spaces, and non-occupied areas
such as storage rooms,

Identifying Perimeter and Non-Perim-
eter Arcas

L On a plan drawing of the building,
draw an offsee line 15 feer from the ourer
wall of the building, This 15-foot bound-
ary represents the typical ASHRAE 90,1
method of cal g thermal loads in
petimeter zones; it is wsed in chis credic
w distinguish between the type of con-
trols in perimerer and non-perimerer

spaces,

2. Perimerer areas of the building include
all regularly oceupied areas that are 15 feer
or less from a perimerer wall and share a
physical connection with the exerior of
the building.

3. Non-perimeter areas of the building
are all regularly occupied areas thae are
greater than 15 feet from a perimeter wall,

4. For rooms thar are intersected by the
15-foot line {offser from the perimerer
wall) and share a physical connection with
the building exterior, the area of the en-
tire room must be included as perimerer
if 75% or more of the room is contained
within the 15-foat offset line, [fless chan
75% of the room is contained within the
15-foor offser line—c.g., in Figure 1,
Room |—then only the area within the
15-foot bound idered peri
space (area 1A), and the remaining area
is factored into the non-perimerer space
calculation (area 1B).

Y is €

5. For group multi-occupant spaces, pe-
rimerer caleulations are used if 75% or
mute of the floor area falls within the 15-
foor offser line and the space shares a
physical connection with the building
exterior. Non-perimeter calculations are
used if less than 75% of the floor area falls
within the 15-foor offser line OR if the
space is nor connecred to the building
exterior, In an instance where less than
75% of the floor area falls within the 15-
foor offset line but the space shares a
physical connection to the building exte-
rior, the space must meet the requitements
autlined in non-perimeter caleulations in
addition to providing an average ol one
operable window per 200 square feer of
perimeter floor areq,

Perimeter Space Calculations for Credit
6.1

Occupant controls to consider in perim-
eter areas include operable windows and
lighting,

1. Using the method described above, iden-
tify all perimeter areas for the building,

2. Identify the number of operable windows
and lighting controls in each perimeter
room. Task lighting i applicable only if
hardwired. For group multi-occupant
spaces, meet the requirements for operable
windows according o Perimeter Space Cal-
culations and meet the requirements for
lighting controls according to Group Mulri-
Oceupint Space Caleulations,

3. The credie requires ane operable win-
dow and one lighting contol on average
for every 200 square Feee of perimerer floor
ared.

Table 1 provides an example of the LEED
Letter ‘Template’s perimerer calculations
for the partial office building floor plan
presented in Figure 1. The eable includes
all perimeter rooms that are regularly oc-
cupied.

55 [ W EA MRER] 1D |
Credit 6
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Non-Perimeter Space Calculations for
Credit 6.2

Occupant controls o consider in non-
perimeter areas include airflow, rempera
ture and lighting.

1. Using the method described above,
determine the toral non-perimerer floor

area of all regularly occupied spaces,

2. Determine the total number of non-
perimerer occipants based an each space’s

usage type by referencing the occupancy
densities in ASHRAE 62-2001, Table 2.
Esceptions to standard occupancy loads

(e, execurive suites and office space used

partially for special purposes) must be

justified in a narrac ached to the

LEED Letrer

-

emplare,

corridor

amd Bean-Perimetor Spac

3. Identify the rotal numbers of airflow,
temperature and lighting conerals for this
non-perimeie
plicable anly
4. The credit requires that the number of
airflow, temperature, and lighting concrols
provided must cach ent 50% ar
maore of the non-perimeter occupants in

a. Task lighting is ap-
il hardwired.

pre:s

apgres These controls must be pro-
vided in arcas where corresponding oc-
cupants regularly work. Conrrols in cor

riclos

and other non-w

areas are not
included in th

It is acceptable for thermal and ventila
tion control to be provided by a single
device. For example, an individual could
have control of an underfloor air diffuser

| | perimeter

[ ] non-perimeter

Room Legend

1. Executive Office
2. Office
Confarence room
Office

Office

Conference Room

Conference Room

Open office area

© e N> ;s

. Storage
10. Library



Table 1: Sample Caleulations for Space 1A and Kooms 2, 4 and 5

Parimeter Spaces

{where 75% or more of a room

thin the 15-foot offset line)

Lighting Controls
Pass? [aty]

Pass?

Yes 8 Yes

that adjuses the airflow and also the rem-
perature of his or her personal space.

5. For group multi-occupant spaces, meet
the requi for airflow, remp
and lighting controls according to the
Group Mule-Occupant Space Caleuls-
tions outlined below,
Table 2 provides an example of the LEED
Lerter Template’s non-perimeter caleula-
tans for the partial office building floor
plan presented in Figure 1. Room 9 and
the corridor are nor regularly occupied
and are therefore excluded from the cal-
culation.
Group Multi-Occupant Space Caleula-
tions for Credits 6.1 and 6.2
For group muln—nccupnnl iatas, st
(hE bl i
:lc:nrd:ng o the Perunct:r Space Caleu-
lations. Each perimeter and non-perim-
eter group multi-oecupant space must
mect the following Iaghung control re-
! Each group
multi-occupant space must also satisfy the
following airflow and temperature con-

trol requirements.

non-g

1. For each space less than or equal
10,000 square feet in floor area, provide
at least chree separate lighting contols,
one airflow control and one temperature
control each for every 2,500 squarc feet.

2. For each space grearer than 10,000
square fect in floor arca, provide ar least
three separate lighting controls, one air-
fow control and one temperature con-
ol each for every 10,000 square feet.

The ﬁ)]lofwing lighting controls can each
be { as two ls: oc-
cupancy sensor, d.'lyllghnng control, dim-
ming control and manual onfautomaric
off switch, Orther lighting controls, such
as an onfoff swiech, are cach counted as
ane separite control, For example, for a
room with one occupancy sensor, one
daylighting control and one onfolf switch,
“5" would be entered in the lighting
control’s column of the LEED Leteer
Template.

Airflow and temperature controls muse be
devices thar allow occupants o actively
control the space’s thermal conditions.
Control devices must be casily adjustable
{i.e., less than six feer above the floor) and

Table 2: Sampde Caloulaions for Space 18 and Boom &

Mon-Perimeter Spaces
(where less than 75% of a room is within the 15-foot offset line)

Non-Perimeter Airflow | Temperature Lighting
Area Occupants Controls Contrals Controls
[SF] [Qty] Pass?: [Qly] Pass?: [Qly] Pass?
1,020 ] 3: Yes 3 Yes 6: Yes

ss Wil EA[MREY 1D
Credit 6
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Room
Size
Range

I5F1

[Qty]

[ss [we[EaMr[EY 0]
Credit 6

Per.
Area

ISF]

Table 3: Sanple Caleulatbons for Room 3

Group Multi-Occupant Perimeter Rooms

(where 75% or mere of a room is within the 15-foot offset line)

Mumber : Total Operable Lighting
of Rooms Area Windows Controls
[Qty] [5F] [Qty] Pass? [Qy]  Pass?
1 500 41 Yes 3 Yes

Table 4: Sample Calculations for Booms 6, 7 and 100

Non-
Per.
Area

[5F]

Operable
Windows

[Qty]

Pass?

[Qty)

Airflow |
Controls :

Pass? |

Controls
[Qty] Pass?

Temperature

Group Multi-Occupant Perimeter and Non-Perimeter Spaces
{where lass than 75% of a room is within the 15-foot offset line)

Lighting
Controls

1G]

Pass?

<2,500

1.330

1,420

10 Yes :

|

Yes |

3 Yes

] Yes

==2 500
and
<5,000

==5,000
and
«7.500

>=7,500
and

<=10,000 :

=10,000

LS. Green Building Council
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readily accessible (i.e., not locked in an
enclosure) by the occupants.

Tables 3 and 4 provide examples of the
LEEDY Letter Template's perimerer and
non-perimeter calculations for group
multi-oceupant spaces in the partial of-
fice building floor plan presented in Fig-
are 1. The spreadsheer in Table 3 is used
for rooms thar share a physical connec-
tion with the building exterior and 75%
ar more of the room is within the 15-foor
offset line. These moms are weated as
100% perimeter space.

The spreadsheet in Table 4 is used for
group multi-occupant roms where less
than 75% of the space is within the 15-
foat offser line—such as 100% non-pe-

rimeter ooms and rooms that contain
both perimeterand non-perimerer space,
The example in Table 4 indicates thac
three rooms, each less than 2,500 SF ac-
count for a total of 1,330 SF perimerer
area and 1,420 SF of non-perimeter area.
Based on the perimeter area, seven oper-
able windows ate required (1,330/200 =
6.65, rounded up). Ten operable win-
dows are provided, thus meeting this par-
ticular credir requirement for rooms 6 and
7. According to the Group Mult-Occu-
pant Space Calculations, rooms that are
less than 2,500 SF must each have one
airflow control, one temperature control
and three separate lighting conrrols, The
example shows thar these requirements are
met for all three rooms.



Resources

Web Sites

Center for the Built Environment
www.che berkeley.edu

This Universiry of California, Berkeley
research center provides information on
underfloor air distribution technologies
and other topics. See the publications
page for articles such as “A Field Study of
PEM (Personal Environmental Module)
Performance in Bank of America’s San
Francisco Office Buildings.”
Environmental Design + Construction
www.edemag,com (see archives)

Do Green Buildings Enhance the Well Be-
ing of Workers? Yes," an article by Judith
Heerwagen in the July/August 2000 edi-
tion, quantifies the effects of green build-
ing environments on productivity.

Print Media

Controls and Automation for Facilities
Managers: Applications Engineering by
Viktor Boed, CRC Press, 1998,
Definitions

Group Multi-Occupant Spaces include
conference rooms, classrooms and other
indoor spaces used as a place of congre-
gation for presentations, trainings, etc. In-
dividuals using these spaces share the
lighting and wemperature concrols,

An Individual Multi-Occupant Space
is typically an open office plan. These
spaces normally contain standard work-
stations where each individual muse have
comfort controls to earn Credit 6.2,

Non-Occupied Spaces include all rooms
used by maintenance personnel and not
open far use by occupants. Included are
janitorial, storage and equipment rooms,
and closers,

Non-Regularly Occupied Spaces in-
clude corridors, hallways, lobbies, break
FOOIMS, COpY rooms, storage rooms, kirch-
ens, restrooms, stairwells, erc,

Regularly Occupied Spaces are areas
where workers are seated or standing as
they work inside a building,

B3 o 1)
Credit 6
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[ Case Study

Donald Bren School of Environmental Science
and Management
Santa Barbara, California

The University of California ar Santa Barbara’s Donald Bren
School of Envi | Science and M isa LEED™
Version 1.0 Platinum Pilet Projece hnmsmg campus facilities in-
cluding r\'.mn:h and reaching laboratories, and offices. The ven-
tilation system i ble windows for flow-through
ventilation that can be anml.'Ied by occupants. The operable
windows interface with the heating elements and the elements
are automarically turned off when the windows are open. The
lighting plan includes oceupant-controlled energy-efficient fix-
tures.

LS.

92
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Cenatesy ot Zimmer Ciunsed Frasca Parnenhip
Cwmer
University of California at Santa Barbara




Thermal Comfort
Compliance with ASHRAE 55-1992

Intent

Provide a thermally comfortable environment thar supports the producnvicy and well-
being of building nccupans.

Requirements

Comply with ASHRAE Standard 55-1992, Addenda 1995, for thermal comfors stan-
dards including humidity conerol within established ranges per climare zone. For naru.
rally ventilared buildings, urilize the adaprive comfon remperature boundaries, using
the 90% acceprability limits as defined in the Collaborative for High Performance
Sehools (CHPS) Best Practices Manual, Appendix C - A Field Based Thermal Com-
forr Standard for Nawirally Ventilaved Buildings, Figure 2.

Submittals

4 For mechanically ventilated spaces: provide the LEED Leuer Template, signed by
the engineer or responsible party, declaring that the project complies with ASHRAE
Standard 55-1992, Addenda 1995, Include a table thar identifies each thermally
controlled zone, and that summarizes for each zone the wmperature and humidity
control ranges and the method of conrrol used.

OR
3 For nawrally venrilared spaces: provide the LEEDY Lerter Template, signed by the

engineer o responsible party declaring that the project complies with the 909
acceprability limits of the adaptive comfore temperature houndaries in the Col-

Il we for High Perfy Schools (CHI'S) Best Practices Manual Appen-
dix € — A Field Based Thermal Comfort Seandard for Narurally Ventilated Build-
ings, Figure 2.

_ — — LEED-NE Version 2.1 Reference Guide
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Thermal Comfort

Permanent Monitoring System

Intent
Provide a thermally comfortable environment that supports the productivity and well-
being of building occupants.

Requirements

Install a p and | ing system ¢ ] to pro-
vide upuramrs bl thersal e pchormanu: aind thic eBRcriveniess oFhu-

midification and/or dehumidification systems in the building,

o

Submittals

3 Provide the LEED Lerter Template, signed by the engineer or rcsp(|n51bic party,
declaring that a permanent i and humidi iroring system will
operate throughout all scasans to permit control of the building zones within the
seasonal thermal comfort ranges defined in ASHRAE 55-1992, Addenda 1995.
Confirm that the temperature and humidity controls were {ur will be) tested as
pxr{ ofthc scope of work for Energy and A phere Prereq 1, Fund, |
B g Systems C issioning, Include the document name and section num-

ber whcrt the commissioning work is listed.




] y of Refi ed Standard
ASHRAE 55-1992: Thermal Environmental Conditions for Human Occupancy
ASHRAE, www.ashrac.org, (800) 527-4723
This standard idencifies the range of design values for temperature, humidity and air
movement that provide satisfactary thermal comfort for a minimum of 0% of build-
ing occupants. The acceprable range of operative temperatures for the winter and
summer, for people performing light, primarily sedentary activities, ar 50% relarive
humidity and a mean air speed of 30 fpm (0.15m/s), are summarized in Table 1.
The standard includes specific details for eccupant thermal comfort and provisions for
building occupants ar various activity levels and non-uniformity in air temperatures.
It alsor describes appropriare instruments and procedures for measurement of thermal
i conditions. An addendum to the standard was released in 1995,

Table 1: Operative Termperatuns

Temperature Optimum

Range Temperature
(i ['F]

Winter BB -T4 Tt

Summer 73-79 76
The Collat ive for High Perfi Schools (CHPS) Best Practices Manual,
Appendix C-A Field Based Thermal Comfort Standard for N: Ily Ventilated
Buildings, Figure 2

www.chps.net/manvalfindex.hem

The resule of research funded by ASHRAE, this standard provides an updated ap-
proach to thermal comfore using an adaptive model. Occupants of naturally ventilared
buildings were found 1o prefer a wider range of remperarures that extend beyond the
comfort zones defined in ASHRAE Standard 55-1992. Refer to the CHPS Best Prac-
tices Manual’s Appendix C for an in-deprh description,

55 [we| ea MRS
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Green Building Concerns

A green building provides the desired in-

door climaze while reducing the amount

of g required for venrilation. The
lope must be designed m

Credil Synergi

55 Credil 7
Landscape & Extoriorn
Design to Reduce
Heai Islands

WE Credit 1

Water Efficient
Landscaping

EA Prerequisite 1
Fundamental Building
Systems O

manige +the flow of air, maisture and heat.

Temperature and humidity are important
parameters in maintaining optimal envi-
ronmental conditions for occupant com-
forr. Optimal temperature set points de-
pend on occupant activity levels as well
as air movement in the space. Another
important environmental consideration

EA Prerequisile 2
Minimum Energy
Performance

EA Credit 1
Oyptimize Energy
Performance

EA Credit 3
Aleitiesnal
Commissioning
EA Credit 5
Measurement &
Verification

MR Credil 1
Building Reuse
EQ Prerequisite 1
Minimum 1AQ
Perdormance

EQ) Credit 1
Carbon Dioxide {00,
Monitoring

EQ Credit 2
Increase Ventilation
Fifectiveness
EQ Credil &
Controtabiliy of
Systomes
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in buildings is humidiry, Spaces with low
humidity create static electricity, which
has detrimental effects on office equip-
ment, human respiratory systems and cer-
wain types of furniture. Conversely, spaces
with high humidity provide conditions
conducive to mold and mildew growth
on furnishings and interior surfaces, cre-
ating potential healch hazards and in-
creased maintenance requirements. A
properly designed building can provide
optimal temperatures and humidity lev-
els throughour the year.

Environmental Issues

HVAC components use fuel and electric-
ity to provide an indoor climate that is
different than the ourdoor climate and
thereby contributes to the environmen-
tal impacts of producing and distribut-
ing these resources. In fragile climares,

thar includes occupant needs, desires and
activities can result in lower loads, smaller
conditioning and distribution equipment,
and consequently reduced fuel consump-
tion while providing greater thermal com-
forr. Natural ventilation has the likely
portential to reduce first costs and operar-
Ing COSIS.

Designers generally select one set of ther-
mal conditioning criteria for the entire
year. ASHRAE 55-1992 recommends
thar designers adjust thermal conditions
o address seasonal cloching levels of oc-
cupants. This stracegy would reduce en-
ergy used for summer cooling and winter
heating.

The most frequent pccupant complaint
involves lack of thermal comfore. Greater
thermal comforr may increase occupant
performance and arendance and, at least,
will reduce complaines. Since workers are
by far the largest expense for mose com-
panies {according to the Rocky Mountain
Institurc’s Green Developments in Real Es-
tate, office worker salaries are estimared
to be 72 times higher than energy costs,
and they account for 929 of the life-cycle
cost of a building). this issue has a tre-
mendous effect on overall costs.  Case
studies have shown productivity increases
from 1% to 16%, saving companies mil-
lions of dollars per year.

Community Issues

M . R
Optimal i Operation creates i posi-

such as those with permafrost, ¢
ing buildings may damage the local envi-
ronment. Conversely, a comfortable and
healthy indoor environment may increase
oceupant productiviey and reduce illnesses
and absenteeism.

Economic Issues

g the thermal conditions sex forth
in ASHRAE 55-1992 or CHP'S Appen-
dix C may increase or decrease the cost of
designing, mnstrm:‘tlng and operating the
buil gning the lope and
AT systems in an iteritive process

tive work space for building occupants,
resulting in higher productivity rates and
lower absenteeism and illness.  Such re-
sults may be used o present a case for
lower health insurance rates based on
lower health care costs.

Design Approach
Strategies

The environmental parameters chat com-
hine to create human thermal comfore in-



clude air temperature, air velocity, humid-
ity, clothing, activity and the temperarure
of surrounding marerials. The referenced
standards provide ranges of expecred val-
ues for these various parameters that in

bination provide 2 comforrable en-
vitonment. To narrow the parameters for
a particular building design, it is neces-
sary to make a realistic asscssment of the
clothing and activity level of occupants.
If these parameters can be fixed, orar least
limited to a narrow range, the remaining
parameters can be manipulated 1o create
design comfort levels.

To provide thermal comfore while avoid-

ing increased encrgy use, the building en-

velope must first be designed so thar:

® i is airtight enough to prevent the
comlor, condensation and excessive
energy use problems caused by un-
planned and undesired airflows, Re-
turn air and supply plenums must be
particularly well detailed:;

® it uses shading, insulation and ther-
mal mass to manage interior surface
remperanures of walls, ceilings, floors
and windows;

o it divers rinwater safely away from
moisture-sensitive materials in the
building; and

® it manages the flow of water vapor
by combining the thermal conduc-
tivity, vapor resistance and vapor stor-
ape capacity properties of marterials
well enough to prevent accidental
humidificarion of interior spaces and
condensation within the building
shell.

In a med 2
equipment must be able to efficiendy
heat, cool, humidify and dehumidify the
spaces in a building as necessary. Using
envelope design to reduce loads is an im-
portant design strategy that not only con-
serves energy, but also improves the sur-
face temperatures of the inner envelope
surfaces and is resource-efficient in that

it e biadldl

it reduces the amount of marerial thar is
needed for the equipmenr and distribu-
ton systems,

An important consideration in envelope
design is internal heat and moisture gains.
For example, as the insulating value of the
envelope increases and air leakage de-
creases, internal heat gains from lights,
plug loads, and occupants begin increas-
ing cooling loads.

If che gains are not well understond and
accounted for, thermal comfort may be
difficulr 1o maintain, especially in inte-
rior rooms and perimeter rooms without
operable windows. For example, if the
cooling system for a conference room is
designed for a maximum of 20 people
seated ar a table, and yet the occupants
add an outer circle of 25 more chairs, the
room will overheat and likely become roo
humid,

Use of dehumidification and humidifica-
tion must be considered carefully. It is
crucial to dehumidify and to minimize
accidental ourdoor airflows in buildings
when the indoor temperature is main-
rained below the outdoor air dewpoint,
Ortherwise condensation problems can
become unavoidable. To address this
problem, mechanical systems must be
designed o deal with part-load cooling
conditions in ways that maintain dehu-
midification. Dehumidification can be
enhanced using run-around-loops, split-
face staged cooling coils and desiccant
sysrems—all with or without energy and
latent recovery.

As outdoor air remperature drops below
the indoor setpoints, the ventilating air
begins to dehumidify and cool a build-
ing. Ar nimes, this is a particulardy en-
ergy-cfficient way to provide thermal
comfort, Withour proper controls, air-
side cconomizers become the source of
comfart problems by bringing in o
much humidity. As outdoor air empera-
tures contine to drop, the ventilating air

|55 [wel eA[MRERY 1D |
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may dehumidify the building ro the point
of discomfort for the occupants. The
greatest discomfore comes to those who
have dry skin problems, like eceema, and
those who are acelimated 1o higher hu-
midity levels. People from humid cli-
mates have a great deal of trouble in dry
climares until they physically acclimate 1o
a new moisture regime, while narives ex-

perience no such problems,

Active humidification systems thar are
used to maintain humidity levels per
ASHRAE Standard 55 can coneribute to
condensation problems in buildings. The
problems may occur in the building en-
velope or in the mixing and distribution
system. In Section 5.1.3 Humidiry, Stan-
dard 55 states chat other ASHRAE Stan
wrds (e.g., 62, 90,1 and 90.2) may have
other requirements and “special precau-
vions may be required o assure overall
occupant acceprability even though the
conditions of Standard 55 have been
mer.” It fureher advises thar biological air

contaminants, whose production depends
on humidity levels, are outside the scope
of Standard 55, Section 5.1.3 provides a
basis for carcfully controlling humidifi-
cation systems ro maineain humidicy lev-
els ar the lower | fary of the Srandard

adjusting the exeent of cool breezes, warm
airand, in some elimates, humidity level.
Accordingly, an operable window is a de-
sign Feature thar can help provide this
control.

The second portion of the credit can only
be earned with active contrals. Projects
utilizing nacural ventilation straregics can-
not earn the second portion of this credit
because humidicy control is not achiev-
able in naturally ventilated buildings.

Technologies

A wide variety of temperature and humid-
ity control devices are available. These
devices can be stand-alone unies or may
be integrated into the building control
system to automatically conerol tempera-
ture and when required humidity levels,
o ly pros bl th cai
be set ro automatically adjust winter and
summer temperature conditons o re-
spond o ASHRAE Stanclard 55 seasonal
clathing levels, Humidity monitors can
also be used to alert building operarions
: |t unusial moi condi

within a building, which, if’ lefi uncon-
trolled, could lead w mold growth or
motsture problems and also caus

anoac

tive dehumidification system 1o run un-

55 combort zone or for avoiding active
humidification altogerher. Psychometric
an be used 1o provide a basis for
nat including active humidificarion sys-
tems in 2 building,

analysis ¢

Complex combinations of envelope and
mechanical system strategies can be evalu-
atedd by computer simulation.  Natural
ventilation strategies may be modeled
using methods that incorporate inter-
wonal airflow modeling such as TAS and
CONTAMW,

Appendix C of the CHPS Srandard al-
lows greater lativude in defining thermally
acceprable conditions for naturally venti-
lated buildings. For conditions 1w not juse
be acceprable, but preferable, the occu-
pant must have concrol over them—by

necessarily and waste energy.

Synergies and Trade-Ofis

The interdependence of a mechanical sys
tem (size, type and diseribution) with en-
velope charactenstics (for moisture, heae
and air flow control) can be wsed o:

® minimize encrgy s

e maximize the cffectiveness of me-
chanical systems;

o make beteer use of renewable enerpy

'\ﬂd

®  design the structure to provide non-
fan powered vendilarion and cooling.

HOLFC

The design of the project site impacts the
thermal comfort of building ineeriors.
Sites thae minimize heat islands and have



landseaping that shades building surfaces
tend to reduce remperature peaks. Addi-
tion of remperarure and humidity moni-
toring equipment can affect the energy
pcrfnrm:lmx of the building and requires
« ing and
fication arrenrion. Buildings thar are re-
used may not be as amenable to tempera-
ture and humidity monitoring and con-
trol becanse the building systems are al-
ready in place. Thermal and humidity
measures can be integraced with CO, sen-
sors, ventilation systems and occupant
conerols.

& veri

Resources

Web Sites

Advanced Desiceant Cooling & Dehu-
midification Program

www.nrel govidesiccantcool

A research and development program of
the U5, Department of Energy that
works with industry to realize the poten-
tial of desiccant systems for reducing en-

Print Media

ASHRAE Guideline 1-1989: Guideline
for the Commissioning of HVAC Sys-
tems, ASHRAE, 1989.

ASHRAE Standard 52-76: Method of
Testing Air-Cleaning Devices Used in
General Ventilation for Removing Par-
ticulate Matter, ASTM, 1976,
ASHRAE Standard 62-1989: Ventila-
tion for Acceptable Indoor Air Qual-
ity, ASHRAE, 1989,

ASHRAE Standard 111-1988: Prac-
tices for Measurement, Testing, Adjust-
ing md Balancmg af Bnddmg Heat-

ing, Venil Air-C
Refrigeration Systems, ASHRAE, 1988
Dehumidification Enk for

100-Percent-Outside-Air AHUs: Parts
L Il and X by Donald Galey, Heating
Piping and Air Conditioning Maguzine,
prember, Octaber and N ber, 2000
{available as fee-based downloads ar
HPAC com)
Humidity Control Design Guide by L.
Harri G.W. Brunderrand R. Kirtler,

The Impact of Part-Load Air-Condi-

IRy C prion and i P £ indoor » )
air quality and comfort. ASHRAE, 2000.
NIST Multi Modeling Sofe

www. bfrl.nist.gov/IAQanalysis/
Software.htm

The National Institure of Standards and

tioner Operation on Dehumidification
Performance: Validating a Latent Ca-
par_!ty Degradation Model by Hugh
l_l

Technology provides software such as
CONTAMW, a mulrizone indoor air
quality and ventilation analysis computer
program designed o predict airflows and
CORLAMINANE Concentrations,

The Whole Building Design Guide
www.whdg.org

The Indoor Environmental Quality sec-
tion provides a wealth of resources includ-
ing definici Fo 1 ol
and tools.

Conference Proceedings [AC
and Energy 98, ASHRAE, 1998,

“The New Comfort Equation For In-
door Air Quality”by PO, Tanger,
ASHRAE Journal, Ocrober, pp. 33-38,
1989,

Selecting HVAC Systems for Schools by
Arthur Wheeler and Walter Kunz, Jr.,
Maryland State Deparrment of Educa-
don, 1994,

Thermal Comfort, by P.O. Fanger,
MeGraw Hill, 1973,

Thermal Delight in Architecture by Lisa
Heschong, MIT Press, 1979,
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“Unplanned Airflows and Moisture
Problems” by T. Brennan, |. Cummings
and J. Lstiburek, ASHRAE journal, No-
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vember, 2000

Definitions

Natural Ventilation provides acceprable
air-change effectiveness and thermal com-
fort without the use of mechanical hear-
ing and cooling equipment. The natural
effect of wind, stack effect and interior/
exterior temperature differentials induce
air circulation and replacement. Airflow
is fan-assisted only when necessary,

The Occapied Zone is the tegion in an
oceupied space from 3 inches above the
floar to 72 inches above the loor and
greater than 2 feer from walls or fixed air
condirioning equipment.

Relative Humidity is the ratio of partial
density of water vapor in the air to the
saturation density of warer vapor ar the
SAMe temperaare,

Thermal Comfort is a condition of mind
experienced by building occupants ex-
pressing satisfaction with the thermal en-
viFamment,



Daylight and Views
Daylight 75% of Spaces

Intent

Provide for the building occupants a connection between indoor spaces and the out-
doors through the introduction of daylight and views into the regularly occupied areas
of the building,

Requirements

Achieve a minimum Daylight Factor of 2% (excluding all direct sunlight penetration)
in 75% of all space oceupied For critical visual tasks. Spaces excluded from this re-
quirement include copy rooms, storage areas, mechanical plant rooms, laundry and
other low occupancy support areas. Other exceptions for spaces where rasks would be
hindered by the use of daylight will be considered an their merits.

Submittals

IJ Provide the LEED Letrer Template signed by the archirect or responsible parry.
Provide area calculations that define the daylight zone and provide prediction cal-
culations or daylight simulation.

LEED-NC Version 2.1 Reference Guide
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Daylight and Views

Views for 90% of Spaces

Intent

Provide for the building eccupants a connection between indoor spaces and the our-
doars through the introduction of daylight and views inro the regularly occupied areas
of the building,

Requirements

Achieve dincer line of sight to vision glazing For building occupanes in 90% of all
regularly occupied spaces. Examples of exceptions include copy rooms, storage areas,
mechanical, laundry and other low occapancy support areas. Other exceprions will be
considered on their merits.

Submittals

I Provide the LEED Letter Template and caleulations describing, demonstrating
and declaring that the building occupants in 904 of regularly occupied spaces will
have direce lines of site to perimerer glazing. Provide drawings highlighting the
direce line of sight zones.

Summary of Referenced Standard

There is no standard referenced for this credin.



Green Building Concerns

Daylighting improves the indoor enviran-
ment of buildings by exposing occupants
o narural lighe, Swudies have demon-
strated thar productivity increases dra-
matically for those building occupants
working in daylic areas. In addition,
daylighting decreases energy costs for
buildings by providing rarural solar light-
ing. A well-designed daylic building is
estimated ro reduce lighting energy use
by 50% to B0% (Suseainatle Building
Technical Manual, page IV.7).
Daylighting design involves a careful bal-
ance of hear gain and loss, glare control
and variations in daylight availabiliry.
Shading devices, light shebves, courtyards,
atriums and window glazing are all strar-
egies employed in daylighting design.
Important considerations include build-
ing orientation, window size and spacing,
glass selection, reflectance of interior fin-
ishes and locations of interior walls,

Environmental Issues

Daylighting reduces the need for elecrric
lighting of building interiors, resulting in
degreased energy use. This conserves
narural resources and reduces air pollu-
tion impacts due to energy producrion
and consumption, Daylit spaces also in-
crease occupant productivity and reduce
absenteeism and illness.

Economic Issues

Specialized glazing can increase initial
costs for 4 project and can lead to exces-
sive heat gain if not designed properly.
Glazing provides less insulating effects
compared to standard walls and requires
additional maintenance. However, offices
with sufficient natural daylighe have
Proven 1o inerease occupant productiviry
and comfort. Tn most cases, occupant
salaries significantly ourweigh first costs
of incorporarting daylighting measures

inro a building design. Studies of schools
and stores have shown that daylighing
can improve student performance and
retail sales (see the Resources section).
Daylighting can significantly reduce arti-
ficial lighting requiremenrs and energy
costs in many commercial and industrial
buildings, as well as schoals, libraries and
hospitals. Daylighting, combined with
energy-efficient lighting and electronic
ballasts, can reduce the lighting power
densiry in some office buildings by up o
30%,

Community lssues

Daylighting and outdoor views provide a
connection with the building site and ad-
jacent sites, creating a more integrated
neighborhood.  Daylic spaces increase
occupant producrivity and reduce illness
and absentecism,

Design Approach

Strategies

Derermine if daylighting and direct line
of sight o the ourdoors is feasible and ap-
propriate for the building, Some build-
ings cannor utilize natural daylighting
goals due to site constrains or specialized
building uses that prohibir sunlight pen-
erration.

Orient the building on the praject site 1o
maximize daylighting options and adopt
a building design with shallow floor plares
to maximize daylic areas, Courryards, atri-
ums, clerestory windows, skylights, inte-
tior light shelves, exterior fins, louvers and
adjustable blinds used alone or in combi-
nation are effective strategies to achieve
deep daylight penetration. Figure 1 il-
luscrates various daylighting stracegies.
The desired amount of daylight will dif-
fer depending on the tasks oceurring in a
daylit space. Daylit buildings often have
several daylighe zones with differing tar-
get light levels. In addition to light lev-
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north facing skylight
— exterior shading device
/ interior light shelf

/' light fixture with sensars
\ & dimming controls

" Prépansd by B tmmlmagl.w

Figure 1: An lllusication of Various Daylighting Sirategies

cls, daylighting strategies should ad-
dress incerior color schemes, direct
beam penetration and integration
with the eleceric lighting system.

Glare control is perhaps the most
commaon failure in daylighring strar-
egics. Glare is defined as any cxces-
sively bright source of lighe within the
wisual field thar creates discomfort or
loss in visibility. Large window areas
provide generous amounts of daylight
to the task arca. If not controlled
properly, this daylight can produce
unwanred glare, Measures ro control
glare include light shelves, louvers,
blinds, fins and shades.

Technologies

Computer modeling software can he
used to simulate daylighting condi-
tions. Daylighting sofrware produces
continuous daylight contours 10
simulare the daylighting conditions
of interior spaces and to account far
combined effeces of mulriple win-
dows within a daylit space.

Photo-responsive contrels for electric
lighting can be incorporated into
daylighting stracegies ro maintain consis-
eent light levels and o minimize oceu-
pant perception of the transition from
narural light to artificial light. These con-
trols result in energy savings by reducing
electric lighting in high daylight condi-
tions while preserving foorcandle levels on
the task surface.

Synergies and Trade-Offs

Project site selection and building orien-
ration have asignificant effect on the suc-
cess of daylighting smrcgms Vcrncai site
| such as neighboring b
and trees may reduce the porcmua] for
daylighting, Reused buildings may have
limied daylighting potential due to their
oricntation, number and size of building
penings and Aoor plate di i Fi-
nally, light sensors and auromaric controls
will affect the energy performance of the
building and will require commissioning
and measurement & verification atten-
tion.




Calculations

The following caleulation methodology
is used o support the credit submittals
listed on the first page of this credit. The
calculation methodology is divided inta
two sections: daylighting and views.

The daylighting calcularion methodol-
ogy below can be applied to approximare
the daylight faceor for cach regularly oc-
cupied room in the building. The Day-
light Facror (DF) is the ratio of exterior
illumination to interior illuminarion and
is expressed as a percentage. The vari-
ables used 1o derermine the daylighe fac-
tor include the floor area, window area,
window geometry, visible transmirtance
(T, } and window height. This calcula-
tion method aims to provide a minimum
2% DF ar the back of a space.

Areas to include in the daylighting caleu-
lations include all regularly occupied
spaces such as office spaces, meering ar-
eas and cafeterias. Areas that should not
be considered include suppore areas for
copying, storage, mechanical equipment,
laundry and restrooms.

The daylighring calcularions for this credit
may be derermined by either using
daylighing simulation software or by fol-
lowing the methodology outlined in the
fallowing paragraphs:

1. Create a spreadsheer and identify all
regularly occupied rooms. Dietermine the
floor area of each applicable room using
construction documents.

2. For each room identified, calculate the
window arca and use Table 1 to indicare
the acceprable window types.  Mote thar
window areas above 76" are considered to
be daylight glazing. Glazing ar this height
is the most effective ar distributing daylight

Equation 1:

deep inro the interior space. Window ancas
from 2'6” 1o 76" are considered to be vi-
sion glazing, These window areas are pri-
marily used for viewing and lighring inte-
tior spaces clase o the building perimeter.
Window arcas below 2'6” do nor conrib-
ute o daylighting of inreriar spaces and are
excluded from the calculations.

3. For each window type, insert the ap-
propriate geometry and height factors as
listed in Table 1. The geomerry factor
indicares the effectivencss of a particular
aperture to distribure daylight relative o
window location. The height facror ac-
counts for where light is intraduced to
the space.

4. For each window type, indicate the
visible transmirtance ['F\_J. a variable
number that differs for each product. T
is the rect ded level of 1 ittance
for selected glazing.

5. Calculate the Daylight Factor for cach
window type using Equation 1. For
rooms with maore than one window type,
sum all window types to obrain a roral
Daylight Factor for the room.

6. I che total daylight factor for a room
is 2% or greater, then the square footage
of the room is applicable to the credit.

7. Sum the square foorage of all appli-
cable raoms and divide by the total square
footage of all regularly occupied spaces.
If this percentage is greater than 75%,
then the building qualifies for the first
point of this credit.

8. Note thar glare control is also required
for each window, Table 1 provides best-
practice glare control measures for differ-
ent windew types. Create a second
spreadsheer that identifies the type of glare
control applied to cach window type.

Daylignt _ Window Area [SF]  Window Actual T, Window
Factor = “Fioor Area[SF]  Geomelry * Mimimum T,. . Height Factor
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Table 1: Daylight Design Crileria

Geametry  Minimum Best Practice Glaro
Fiindo 2yna Factor Tom Control
Adjustable blinds
Interior light shelves
0.1 0.7 1.4 Fixed translucent exterior
- shading devices
sidalight
dafight glazing
= Adjustable blinds
— Exterior shading devices
0.1 0.4 0.8
sidalighting
wision glazing
Fixed interior
Adjustable exterior blinds
0.2 0.4 1.0
toglighting
westical mondar
Fixed interior
Exterior louvers
0.33 0.4 1.0
topighiing
sawicoth monitor
l Interior fins
Exterior fins
0.5 04 1.0 Louvers
toplighting
horizontal skylights

Table 2 provides an example of
daylighting calcularions for an office
building. Al of the offices are consid-
ered to be regularly occupied spaces, while
support areas such as hallways, foyers,
storage areas, mechanical rooms and
restrooms are not considered o be regu-
larly accupied.

The example qualifies for the Rrst point
of this credit because it exceeds the mini-
mum square footage for daylic area and
includes glare control on all windows in

daylic rooms.

Views are required for ar least 90% of all
regularly occupied rooms in order o

achieve TEQ Credit 8.2, Use the follow-
ing steps to perform view calculations.

1. Note if it is possible to view vision glaz-
ing in each regularly occupied room. Win-
dows below 26" and windows above 767
(including daylight glazing, skylights and
roat monitors) do not qualify for che credic.
For best results use a copy of the floor plans
and highlight arcas of regularly occupied
rooms that have a direct line of sight. Con-
struct line of sight geometries ar each win-
dow to identify non-view areas in each oom
(see Figure 2 for guidance). Remember o
rake into account the wall thickness when
derermining oblique angles of sight through
windows. Visually inspect cach room and




Table 2; Sample Daylighting Calculations

55 mm EQ

Floar Glazing Window Window Drayfight Draylit Glare
Room Araa Area Goomatry Helght Factor Area Control
Typa. F Minl i Facior Eacn Room

A 820 120 vision 0.1 04 048 26% 33% 820 2
a0 daylight 0.1 07 07 14 0.7% 3

B 410 75 vision_m 08 04 08 3.3% 4.1;1; 410 2
25 dayiight 0.1 07 o7 14 0.9% 3

c 2 36 vilon 04 04 04 o 24% 24% _1_20 2

D N _95 25 ) -;!:.ai.n;_u.l 0.4 _J- 08 2.1;,1% 85 2

E_ 410 ) 75 vision 0.1 _D.G o4 08 33% 41% 410 2
25 dayfight 0.1 07 07 14 0.9% 3

F —8_20 el uis_iu_n 01 09 o4 08 16% 21% a0 2
25  daylight 0.1 07 07 14 0.4% 3

G _SOE 3‘5 __mnn E.l 0.4_0.4_ o 0.8 05% 0.5% i N 2-

H 120 36 _\risiun o1 04 04 6.3. 2,4% 2.4% 1_20 6

! 85 32 vlslo_n _!JT 04 04 I 08 27% 2.7% a5 ]

J o 85 az wision 0.1 ?TA_ na _?_7% 27% 95__ 1.

K 410 36 snmnn_;as_u 04 ¥ = 1; _29‘3& 25% 410 4

TOTAL 3,730 3,395

Percentage of Daylit Area 85%

Glare Control Chart

Type plion

1 Fixed Exterior Shading Devices

2 Light shelf, exterior

3 Light Shelf, interior

4 Interior Biinds

5 Pull-down shades

B Fritted glazing

T Drapes

8 Electronic black-out glazing
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compare areas with access o views against
areas without access. 1F the view area is
grearer than or equal 1o 90% of the room
arca, then the square footage of the entire
room is applicable ro the credir.

Tn cases where it is difficult ro determine
the percentage visually, measure the ac-
nal square footage on the plans more pre-
ciscly. For non-perimeter spaces with vi-
sion glazing, include a narrative and de-
railed building section drawing ro explain
ACCESS [0 ViEws.

2. Sum the square footage of all appli-
cable roams and divide by the toral square
foorage of all regularly occupied spaces.
If this percentage is greater than 90%,
then the building qualifies for the second
poin of this credit.

Figure 2: An lliusisation Showing Accoss o Views

Resources

Web Sites

Analysis of the Perfi

in Daylit Schools
www.innovativedesign. net
Nicklas and Bailey'’s 1996 study of three
daylit schoals in North Carolina.

The Art of Daylighting
www.edemag.com (sce Jan/Feb 1998
archive)

This Environmental Design & Construc
tign article provides a solid introduction
to daylighting.

of Sind

|| access to
views

no access
to views

Prepared by Palading Consulting 1LLC ‘



New Buildings Institute’s Prod
and Building Science Program
www.newbuildings. org/pier

Provides links 1o case studies and reports
on the benefits of daylighring,

Radiance Software

radsite.Ibl.gov

Free daylighting simulation software from
the Lawrence Berkeley National Laborarory
Tips for Daylighting with Windows
eande.Ibl.gov/BTP/pub/designguide/
download.html

A daylighting comprehensive guide from
Lawrence Berkeley Narional Laboratory
The Whole Building Design Guide
www.whdg.org

The Daylighting and Lighring Contral
section provides a wealth of resourees in-

cluding definitions, fundamenrals, mare-
rials and tools.

Print Media

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

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

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

Sustainable Building Technical
Manual, Public Technology, Ine., 1996
(www.pri.org).

Definitions
Daylight Factor is the ratio of ineerior

illuminance at a given point on a given
plane {usually the workplane) o the ex-
terior illuminance under known avercase
sky conditions. LEED uses a simplified
approach for its credit compliance calcu-
lations,

Daylighting is the controlled admission
of narural lighr into a space through glaz-
ing with the intent of reducing or elimi-
naring elecrric lighting. By urilizing so-
lar lighr, daylighting creates a stimular-
ing and productive environment for
building oceupants.

Visible Transmittance (T, } is the ratio
of tweal ransmitted light to total incident
light. In other words, it is the amount of
light passing through a glaging surface
divided by the amount of light striking
the glazing surface. A higher T, value
indicares that a greater amount of inci-
dent light is passing through the glazing.

RN (o [
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Case Study

NW Federal Credit Union
Seattle, Washinglon

The NW Federal Credit Union building is a commercial office
facility that houses a financial institution. The building was de-
signed ro harvest site resources and create a positive work ammo-
sphere for building occupants as well as showcase environmental
measures for banking patrons. The building is oriented on an
east-west axis, and the Roor plates are elongated to maximize so-
lar access into the building interiors. Exterior shading devices
and interior light shelves direct sunlight into the space withour
causing undesirable glare. Window glazing was selected o re-
duce glare on computer monitors while allowing natural light
into the occupied spaces. Finally, interior finish colors were cho-
sen to bounce light to the deep interior spaces, creating a vibrant
and pesitive workspace.

LL5. Green Building Coundil
3

Owner
W Federal Credit Union ‘





