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The New Reference Package

The second edition of the Reference Package corresponds to LEED Version 2.1 for

New Construction and Major Renovations (LEED-NC). Printed components of the

Reference Package include the updated Rating System and Reference Guide. The

remainder of the Reference Package, provided in electronic form via download from a

secure page on the USGBC Web site, contains the following:

e Bookmarked PDF files of the Reference Guide to allow convenient on-screen view-
ing while traveling, either stored on a laptop computer or through any compurer
with Inrterner access.

o LEED Version 2.1 Letter Template, a dynamic tracking and documentation tool
that is used by project teams to track progress and prepare a LEED application,
The Template is occasionally improved, uploaded and dated for reference.

e LEED Version 2.0 Reference Guide files, for professionals working on Version 2.0
projects.

The Revised Reference Guide

This edition of the Reference Guide was developed for two main reasons: to correspond
with LEED-NC Version 2.1 Rating System, and to improve the content. In response to
USGBC members and other LEED users, LEED-NC Version 2.1 provides technical clari-
fications and streamlines certification submittal requirements. Performance levels have not
changed from Version 2,0 (see the Introduction section for related discussion), although
calculation methodologies for several credits have been modified.

The Version 2,0 Rating System components—intent, requirements and submittals-
were the first to be reviewed and judiciously altered for Version 2.1 by LEED technical
committees with guidance from the LEED Steering Committee. The Letter Template
approach 1o documentation and application submittal have been incorporated into
the Reference Guide, as have clarifications made to LEED requirements.

The revised Reference Guide includes corrections and clarifications thar have been
requested by users (often cthrough the Credic Interpretation process), technical com-
mittees and staff. Procurement details for referenced standards are more specific. Web
site resource sections are now updated and in some cases expanded. General improve-
ments have been made to content and text.  Please note that while key details for most
prevequisites and credits vemain unchanged from LEED Version 2.0 and its Refevence Guide,
SS Credit 8 (Light Pollution), MR Credit 4 (Recycled Content) and EQ Credit 6
(Controllability of Systems) have been substantially overhanled, and thus should be
thoroughly reviewed by LEED practitioners.

In addition, significant changes or corrections have been made, or helpful details added,
to the requirements or calculation methodologies of SS Credit 3 (Brownfield Redevel-
opment), S5 Credit 4.3 (Alternarive Fuel Vehicles), SS Credit 6 (Stormwater Manage-
ment), EA Commissioning Prerequisite and Credir, EA Encrgy Performance Prerequi-
site and Credit, EA Credit 6 (Green Power), MR Credit 7 (Certified Wood), 1EQ
Credit 4 (Low-Emitting Materials), and TEQ Credic 7.1 (Thermal Comfort: Compli-
ance). Other sections may have been edited to a lesser extent bur may still contain
corrections and clarifications of interest.

. — LEED-NC Version 2.1 Reference Guide
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The built environment has a profound impact on our natural environment, economy,
health and productivity. Breakthroughs in building science, technology, products and
operations are now available to designers, builders and owners who want to build
green and maximize both economic and environmental performance.

The U.S. Green Building Council (USGBC) is leading a national consensus to pro-
duce a new generation of buildings that deliver high performance inside and out.
Council members work together to develop industry standards, design guidelines, policy
positions, conferences and educational tools that support the adoption of sustainable
design and building practices. As the only national coalition that represents the entire
building industry on environmental building matters, our unique perspective and col-
lective power provides our members with enormous opportunity to initiate chan ge in
the way buildings are designed, built, and maintained.

Our membership is comprised of leaders representing the following categories:
Architectural Firms

Building Commissioning Providers

Building Control Service Contractors and Manufacturers

Building Owners, Managers, Users, and Brokers

Contractors and Builders

Consultants

Engineering Firms

Environmental Groups

Financial and Insurance Firms

Government

Manufacturers

Planners

Press

Professional Societies

Real Estate Developers

State, Local, and Federal Governments

Universities and Technical Research Institutes

Utilicies

Since its inception in 1993, USGBC has played a vital role in providing a leadership
forum and a unique, integrating force for the building industry. Council programs are:
Committee-Based

The heart of this effective coalition is our committees in which members design strat-
egies that are implemented by staff and expert consultants. Our committees provide a
forum for members to resolve differences, build alliances, and forge cooperative solu-
tions for influencing change in all secrors of the building industry.

Member-Driven

The Council's membership is open and balanced and provides a platform for carrying
out important programs and activities. We target the issues identified by our members
as the highest priority. We conduct an annual review of achievements thar allows us to
set policy, revise strategies and devise work plans based on members’ needs.

—— - - — - LEED-NCVersion 2.1 Reference Guide
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Consensus-Focused

We work together to promote green buildings and in doing so, we help foster greater
economic vitality, environmental health and occupant well-being at lower cost. The
various industry segments bridge ideological gaps to develop balanced policies that
benefit the entire industry.

USGBC Membership

The strength and diversity of the USGBC coalition provides the advantages of signifi-
cantly enhancing the resources and the effectiveness of its individual members. Our
voice is credible and powerful because of the diversity and balance of our membership.
We strongly encourage you to join the Council. Your involvement is crucial to the
success and impact of our initiatives.

Member benefits include:

o Marketing, educational and networking opportunities through USGBC events,
programs and publications

o Recognition as an industry leader in supporting a better built environment
o Opportunity to participate in local chapters

o Discounts on LEED certification, resource materials and training programs
e The USGBC newsletter

Join the Council and rake advantage of this opportunity to accelerate change and help
shape the green building industry.

For more information:

U.S. Green Building Council
1015 18¢h Street NW, Suite 805
Washington, DC 20036

(202) 828-7422 Phone

(202) 828-5110 Fax
www.usgbe.org

info@usgbe.org
leedinfo@usgbc.org




Introduction

Green Building Design

The rerm “preen building” is synonymous
with “high-performance building,” “sus-
tainable design and conserucrion” as well
as other terms that refer to a holistic ap-
proach o design and construction, There
arc many different conceptions of green
building design due to the large scope of
sustainability issues and the novelry of sus-
rainable principles. Delnitions of envi-
ronmental sustainabilicy range from broad
concepts that incorporate all aspects of
sustaimability—miceting the needs of 1o-
day withour compromising, the ability of
future gencrations o mieet their needs—
roy narrow definitions focnsed on ong spe-
cilic sustainable design feanire such as
energy-cliciency. Watton this broad spec-
rriem, green building design strives o
Ialance environmenial rcspnnsilmi|i[)-’. re-
LI N t'{‘li('i{'“(:}", t)t't:ll}):ll][ L(]”‘][(]” .]”(I

well-being, and community sensitivity,

Cireen buﬂdin;__" dt.‘sign includes all play-
ors inan integrated development process,
from the design ceam (building owners,
architeets, engineers and consultams). the
construction tenm {nuerials manufacrur-
ers, coneraciors uwd waste haulers), main-
tenance staff, and building occupanes.
The green building process resules in a
high-quality product that maximizes the
OWICT'S TCILLN 0N {1vestment.

Why Design Green?

The building sector has a tremendous
impact on the environment. [n 2002,
there were more than 76 million restden-
dal buildings and nearly five million com-
mercial buildings in the United States.
According to the TS, Departmenc of
Energy (DOE), buildings in the United
States consume more than 30% of our
total encrgy and 60% of our clectricity

annually. Five billion gallons of porable
water are used to flush roilers daily. A
rypical North American commercial con-
struction project generates up to 2.3
pounds of solid waste per square foot of
floor space. Real estare development ap-
propriates land from ocher uses such as
nacural habitaes and agriculrure.

Buildings are a major source ol the pol-
[ucancs thar cause urban air quality prob-
lems and conaibute o cimare change.
According to the DO, buildings account
for 49% of sullur dioxide enmissions, 23%
of nitrous oxide emisstons, and 10% of
particulate emissions — all of which dam-
age urban air quabity. Buildings produce
35% of the country’s carbon dioxide emis-
sions. These are just a lew examples of
the cnvironmental impacis associaed
with the construction and operation of

buildings.

By rhe vear 2010, another 38 million
buildings arc expected o be built. Green
Baunlding practices can substantially reduce
the negative environmenial impacts asso-
crated with these butldings and reverse the
trend of yrsustainable construction ac-
rivities. Bar that is only parr of the story.
Green destgn also reduces operating costs,
enhances building markerabilicy, poten-
tally increases occupant productvity, and
helps ereace a suseainable comnumiry. For
example, energy cfficicney measures have
reduced operating expenses of the Den-
ver Dry Goods building by approxinately
$75,000 per year. Students in daylic
schouls in North Carolina consistenidy
scorc higher on rests than students in
schools using conventional lighting fix-
tures. Studies of workers in green build-
ings reported productivity grains of up to
16%. including reductions In absentee-
1sm and improved work quality, based on
“people-friendly” green design.  Waste

LEED-NCVersion 2.1 Reforence Guide
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management costs were reduced by 56%
and 48 tons of waste were recycled dur-
ing construction of a grocery store in Spo-
kane, Washington. Resource-efficient
buildings have less impact on local infra-
structure. Green design has environmen-
tal, economic, and social elements that
benefit all stakeholders, including own-
ers, occupants and the general public.

The Leadership in Energy
and Environmental
Design™ (LEED™) Green
Building Rating System

History of LEED

Following the formation of the U.S.
Green Building Council (USGBC) in
1993, the membership quickly realized
that a priority for the sustainable build-
ing industry was to have a system to de-
tine and measure that which should
qualify as a “green building.” The
USGBC began rto research existing green
building metrics and rating systems. Less
than a year after formation, the member-
ship followed up on the initial findings
with the establishment of 2 committee to
focus solely on this topic. The diverse
initial composition of the committee in-
cluded archirects, realtors, a building
owner, a lawyer, an environmentalist and
industry representatives. This cross-sec-
tion of people and professions added a
richness and depth both to the process
and to the ultimate product.

As part of their investigations, the com-
mittee reviewed existing green building
rating systems such as BREEAM (Build-
ing Research Establishment Environmen-
tal Asgsessment Method) and BEPAC
(Building Environment Performance As-
sessment Criteria), both from the United
Kingdom. Three options were assessed:
(1) Accept the BREEAM rating system
and use it in the U.S. marker; (2} railor
the BREEAM system to the U.S. mar-

ket; or (3) create a separate U.S. green
building rating system. The third option
was selected because the commirtee felr a
strong need for a green building measure-
ment tool specific to the U.S, building
market.

By the fall of 1994, the committee had
prepared a draft green building rating sys-
tem for review. Afrer additional develop-
ment, the LEED Version 1.0 Pilor Pro-
gram was launched at the USGBC Mem-
bership Summir in August 1998. Twelve
projects completed the application pro-
cess and were recognized as LEED Certi-
fied Pilot Projects in March 2000.
Based on the success of LEED Version
1.0, an expert review session was held ar
Pocantico, New York in 1999 to shape
LEED Version 2.0. After extensive modi-
fications, the revised rating system was
presented to the USGBC membership for
a review and comment period, and a fi-
nal approval vote. LEED Version 2.0 was
released in March 2000. Grants from the
U.S. Department of Energy (Office of
Building Technologies, State and Com-
municy Programs) provided start-up
funding for the pilot program, the devel-
opment of the LEED Reference Guides,
and the inidal LEED Training Workshop.
Sustainable design and technology
information can be found on the
U.§. DOE Web pages, including
www.eere.energy.gov/buildings and
www.sustainable.doe.gov.

The LEED Committee has since divided
into the Steering Committee, several prod-
uct committees and credit category-specific
Technical Advisory Groups (TAGs). The
TAGs are subcommittees that consist of
industry experts who assist in developing
credit interpretations and technical im-
provements to the system.

The keys to making this process and prod-
uct work have been a strong common goal
to produce a consensus-based rating sys-
tem, a continually positive approach
throughout difficult decision-making dis-




cussions, and a diversity of committed
team players. Since the collective knowl-
edge regarding green buildings continues
to increase, LEED will continue to be a
dynamic and ever-changing system need-
ing the input, scrutiny, and involvement
of diverse stakeholders.

The LEED flagship product is now called
LEED for New Construction and Major
Renovations (LEED-NC). This distine-
tion is necessary as rating system prod-
ucts are being developed and launched for
other marker sectors, such as existing
buildings, commercial interiors, and core
and shell (speculative development).

LEED-NC Version 2.1

Consistent with USGBC policy for the
continuous improvement of LEED, Ver-
sion 2.1 is an administrative update of
LEED-NC Version 2.0. Its purpose is to
address concerns raised by USGBC mem-
bers and other LEED users by providing
technical clarifications and streamlining
the documentation requirements for
LEED eertification.

These improvements are expected to sim-
plify the documentation process for project
teams and to reduce the costs of docu-
menting LEED credits while retaining the
stringency and integriry of the LEED Ver-
sion 2.0 standards. An approval vote by
USGBC membership was not required for
Version 2.1 because performance levels
have nor been altered. In a few instances,
methodologies have changed in order thar
they may be more straightforward or more
comprehensive. The new LEED Letter
Template is a central component of the
Version 2.1 improvements (see below for
more information).

Features of the System
The LEED Green Building Rating Sys-

tem is a voluntary, consensus-based, mar-
ket-driven building rating system that is
based on accepted energy and environ-
mental principles and strikes a balance

berween established practices and emerg-
ing concepts. It evaluates environmental
performance from a whole-building per-
spective, providing a definitive standard
for what constitutes a “green building.”
The development of LEED was instigated
by the USGBC Membership, represent-
ing all segments of the building industry
and has been open to public scrutiny.

LEED for New Construction and Major
Renovations (LEED-NC) is'a measurement

system designed for rating commercial and

institutional buildings, with a focus on of-
fice buildings. LEED-NC has also been
applied to many other building types, in-
cluding high-rise residential buildings.
The rating system is organized into five
environmental categories: Sustainable Sites,
Water Efficiency, Energy & Armosphere,
Marerials & Resources, and Indoor Envi-
ronmental Quality. An additional category,
Innovation & Design Process, addresses
sustainable building expertise as well as de-
sign measures not covered under the five
environmental categorics.

LEED is a performance-oriented system
where points are earned for satisfying per-
formance criteria. Different levels of
green building certification are awarded
based on the total points earned. The
system is designed to be comprehensive
in scope, yer simple in operation.

LEED Reference Guide

The Reference Guide is the user’s manual
for LEED. The Guide is intended to as-
sist project teams in understanding LEED
criteria. The Guide includes examples of
strategies, case studies of buildings that
have implemenred these strategies success-
fully, and links to other resources. The
Guide does not provide an exhaustive list
of strategics for meeting the criteria, nor
does it provide all of the information that
design reams need to determine the ap-
plicability of a credit to their project.

——— LEED-NC Version 2.1 Reference Guide
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Prerequisite and Credit Format

Each prerequisite and credic chaprer in the
Reference Guide is organized in a stan-
dardized format for simplicity and quick
reference. The first section summarizes
key points regarding the measure’s intent
and requirements. The subsequent sec-
tions provide supportive information to
help interprer, implement, and document
performance. The standard chapter sec-
tions are described in the following para-
graphs.

Intent identifies the main goal of the pre-
requisite or credit.

Requirements & Submittals specify the
criteria to sarisfy the prerequisite or credir,
the number of points available, and the
documentation required for the LEED
application. The prerequisites must be
achieved. Each creditis optional, but con-
tributes to the project’s point total. Some
credits are divided into two or more sub-
credits with independent or cumulative
points.

Summary of Referenced Standards cites
the technical standard(s) that LEED uses
for performance evaluation. A brief sum-
mary of the standard is also provided in
this section. Users are strongly encour-
aged to review the standard and not rely
solely on the summary, unless otherwise
ﬂOfEd. -

Green Building Concerns related to the
prerequisite or credit are explained in this
section and divided into environmenral,
economic and community issues.

Design Approach presents ideas and rec-
ommendations for the project design and
specifications.

Synergies & Trade-Offs identify arcas of
significant interaction with other LEED
credits.  Users are advised to carefully
evaluate the benefits and disadvantages of
pursing these related credits.

Calculations are sample formulas or com-
putations to assist with the determinarion

of compliance for a particular prerequi-
site or credit. Some calculations have been
programmed into the LEED Version 2.0
Calculator and the LEED Version 2.1
Letter Template, both Microsoft Excel
spreadsheets. These files are made avail-
able to registered projects in order to fa-
cilitare the application process.
Resources such as Web sites and print
media are provided for further research
and to assist justification, design and cal-
culations efforts.

A Case Study is provided to show how a
project has served the goals stated for the
prerequisite or credit. The selected project
exemplifies one method to achieve the
intent of the measure, although there may
be other methods.

LEED Certification Process
Eligibility

All commercial buildings as defined by
standard building codes are eligible for
certification as a LEED building, Com-
mercial occupancies include (burt are not
limited to) offices, retail and service es-
tablishments, institutional buildings (li-
braries, schools, museums, churches, ere.),

and hotels and residenual buildings of
four or more habirable stories.

Horels and residential buildings of three
habitable stories or less are addressed by
the LEED Version 2.0 Application Guide
for Lodging, available for download from
the USGBC Web site. If the application
of LEED for a unique building type is
questionable, USGBC encourages the
project team to tally a potential point to-
tal using the checklist in the LEED Rat-

ing System.
Registration

Project teams interested in obtaining
LEED certification for their project must
first register through the USGBC Web
site. The Web site includes information
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and requirements. The subsequent sec-
tions provide supportive information to
help interpret, implement, and document
performance. The standard chaprer sec-
tions are described in the following para-
graphs.

Intent idenrifies the main goal of the pre-
requisite or credit.

Requirements & Submittals specify the
criteria to satisfy the prerequisite or credit,
the number of points available, and the
documentation required for the LEED
application. The prerequisites must be
achieved. Each credit is oprional, but con-
tributes to the project’s point total. Some
credits are divided into two or more sub-
credits with independent or cumulative
points.

Summary of Referenced Standards cites
the technical standard(s) that LEED uses
for performance evaluation. A briefsum-
mary of the standard is also provided in
this section. Users are strongly encour-
aged ro review the standard and not rely
solely on the summary, unless atherwise
noted. '

Green Building Concerns related to the
prerequisite or credit are explained in this
section and divided into environmental,
economic and community issues.
Design Approach presents ideas and rec-
ommendations for the project design and
specifications.

Synergies & Trade-Offs identify areas of
significant interacrion wich other LEED
credits. Users are advised to carefully
evaluate the benefits and disadvantages of
pursing these related credits.
Calculations are sample formulas or com-
putations to assist with the determination

of compliance for a particular prerequi-
site or credit. Some calculations have been
programmed into the LEED Version 2.0
Calculator and the LEED Version 2.1
Letter Template, both Microsoft Excel
spreadsheets. These files are made avail-
able to registered projects in order to fa-
cilitate the application process.

Resources such as Web sites and print
media are provided for further research
and to assist justification, design and cal-
culations efforts. '

A Case Study is provided to show how a
project has served the goals stated for the
prerequisite or credit. The selected project
exemplifies one method to achieve the
intent of the measure, although there may
be other methods.

LEED Certification Process
Eligibility

All commercial buildings as defined by
standard building codes are eligible for
certification as a LEED building. Com-
mercial occupancies include (burt are not
limited to) offices, retail and service es-
tablishments, institutional buildings (li-
braries, schools, museums, churches, etc.),
and hotels and residential buildings of
four ar more habitable stories.

Hotels and residential buildings of three
habitable stories or less are addressed by
the LEED Version 2.0 Application Guide
for Lodging, available for download from
the USGBC Web site. If the application
of LEED for a unique building type is
questionable, USGBC encourages the
project team to tally a potential point to-
tal using the checklist in the LEED Rat-
ing System.

Registration

Project teams interested in obraining
LEED certification for their project must
first register through the USGBC Web
site. The Web site includes information



on registration costs for USGBC mem-
ber as well as non-members. Registration
during the early phases of project design
will ensure maximum potential for achiev-
ing certification,

Registration is an important step that es-
tablishes contact with the USGBC and
provides access to essential information,
software tools, and communications.
Upon registration, project contacts receive
aceess to resources that explain and facili-
tate the LEED application process.

Documentation

Once a project is registered, the project
design team begins to prepare documen-
tation to satisfy the prerequisite and credi
submittal requirements. This documen-
tation will become the bulk of the project’s
LEED Version 2.0 application, or the
prool behind performance declarations in
the Version 2.1 application. It is helptul
to have a LEED Accredited Professional
as the project conract and team member
responsible for coordinating the certifi-
cation process.

Projects may submit using either version's
documentation path (it is simplest to cre-
ate a LEED application pursuant to one
method of documentation), or a mixed
submittal of the two (per credit). Mied
submittals are recommended for projects
that registered under Version 2.0, but
would like to transition to Version 2.1 in
order to take advaneage of the streamlined
Letter Template submirtal pach, Docu-
mentation should be gathered through-
out the design and construction phases.
Use the software tools and templates pro-
vidéd for Version 2.0 and/or Version 2.1
as appropriate.

LEED Version 2.0 submittal resources
consist of the Welcome Packet, Calcula-
tor (spreadsheets) and Application Tem-
plate (cover sheets for cach credit). The
Welcome Packet provides examiples of the
types of documents that LEED often re-
quires to supplement the calculation

tables and cover sheets in the application.
The inclusion of extrancous documenta-
tion (anything that is not listed as a credir
submirtral requirement) is discouraged, as
this slows the review process. Full build-
ing commissioning reports, for example,
are not necessary because only the com-
missioning plan is required.

The LEED Version 2.1 Letter Template
is a dynamic tracking and documentation
tool that is used by project teams to track
progress and prepare a LEED application.
For cach credit, the Lecter Template
prompts LEED practirioners for sum-
mary data and signed declarations of per-
formance, indicates when documentarion
requirements have been adequately ful-
filled for submirteal, serves as a letter tem-
plate for printing on letrerhead, and sum-
marizes progress. Some of the Template
pages include spreadsheets for caleula-
tions, while others are simple declarations
signed by an appropriate team member.
The Version 2.0 Caleularor spreadsheets
are often uselul when the Reference Guide
calls for credit caleulations but no corre-
sponding spreadsheer exists in the Version
2.1 Letter Templace.

During a Version 2.1 application review,
the project team will be expected to pro-
vide supporting documents for a portion
of the prerequisites and credits. Support-
ing documents are those which provide
specific proof of meeting the required
performance level — such as calculations,
specifications, drawings, cursheers,
manufacturer’s literacure, and other source
documents that were used as a basis to
justify declarations of performance in the
Letter Template. Many of these items are
implicitly described in the Reference
Guide’s instructions.

Credit Interpretations

In some cases, project teams may encoun-
ter difficulties applying a LEED prereq-
uisite or credic to a specific project. Ques-
tions sometimes arise when the Reference

LEED
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L 3 Guide does not sufficiently address a spe- LEED Cerlification Levels
cific issue or there is a special conflict that
requires resolution. USGBC has estab-

LEADERNifed b5 EMERUAL b EUSLAB HALUTAL SE LA

lished a uniform review process for regis- Certified 26 to 32
tered project inquiries, called credit in- Silver 331038
terpretation requests (CIRs), to ensure Gold 39 to 51
that rulings are consistent and available Biafinum 5%0r mare

to other projects. Ifa question arises,

project teams should:

1. Consult the Reference Guide for a
detailed description of the credit in-
tent, requirements and calculations.

=]

Review the intent of the credit or pre-
requisite in question to self-evaluate
whether the project meets this intent.
3. Review the Credit Interpretation
(CIR) Web page for previously logged
CIRs on relevant credits. All LEED
registered project contacts have access
to this page.
4. If a similar credic incerpretation has
not been logged, or does not answer
the question sufficiently, submit a
credit interpretation request using the
online form. The inquiry should be
succinet and based on information
found in the Reference Guide, with
emphasis on the intent of the prereq-

uisite or credit.

Application

Consult the Web sire for imporrant de-
tails about the LEED application as well
as the certification review process, sched-
ule and fees. The applicant project must
satisfactorily document achievement all of
the prerequisites and a minimum num-
ber of points to attain the LEED ratings
as liseed below.

For more information, visit the LEED
Web page on www.usgbc.org.

LS. Green Building Counil —
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Sustainable Sites

Development and construction processes
are often destructive to local ecology.
These activities also encroach on produc-
tve agricultural land areas and open space.
Stormwater runoff from developed arecas
can impacr water quality in receiving wa-
ters, hinder navigation and recreation, and
disruptaquatic life. Fortunately, steps can
be taken to reduce impacts on previously
undeveloped lands and to improve previ-
ously contaminared sites.

Selection of an appropriate project loca-
tion can reduce the need for private au-
tomobile use and reduce urban sprawl.
Locating developments on existing
brownfield sites, in existing urban infill
areas and on other non-greenfield loca-
tions may have economic benefits. For
example, the infrastructure to service the
development may already be in place.

When considering site alternatives, it is
important to consider environmental cri-
teria throughour the site selection process.

The major ecological features of the site
should be identified, including the site ge-
ology, hydrology, vegetation, wildlife and
prior site history. Communicarion with
project stakeholders, including building
occupants, the general public and site
neighbors can be facilitared through pub-
lic meetings, design charrettes and orga-
nized comment processes.

[t is also important to minimize project
impacts on surrounding areas after con-
struction is complete and the building is
occupied. By addressing heat island ef-
fects and reducing light pollution on the
site, the site can become integrated into
its surroundings and serve as a consider-
ate and beneficial neighbor for the life-
time of the building,

WE| EA[MR]EQ[ ID

Overview

Overview of LEED™
Prerequisiles and
Credits

55 Prerequisite 1
Erosion &
Sedimentation Control

SS Credit 1
Site Selection

SS Credil 2
Urban Redevelopment

SS Credil 3
Brownfield
Redevelopmen|

SS Credit 4
Alternative
Transportation

SS Credit 5
Reduced Site
Disturbiance

SS Credil 6
Stormwater
Management

55 Credit 7
Landscape & Exterior
Design to Reduce
Heal Islands

SS Credit 8
Light Pallution
Reduction

There are 14 poinls
available in the
Sustainable Sites
category.

L ]
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Erosion & Sedimentation Control Prerequisite 1

Required

Intent

Control erosion to reduce negartive impacts on water and air quality.

Requirements

Design a sediment and erosion control plan, specific to the site, that conforms to
United States Environmental Protection Agency (EPA) Document No. EPA 832/R-
92-005 (Seprember 1992), Storm Water Management for Construction Activities,
Chapter 3, OR local erosion and sedimenration control standards and codes, which-
ever is more stringent. The plan shall meet the following objectives:

e Prevent loss of soil during construction by stormwater runoff and/or wind

erosion, including protecting topsoil by stockpiling for reuse.
e Prevent sedimentation of storm sewer or receiving streams.

e DPrevent polluting the air with dust and particulate matter.

Submittals

[ Provide the LEED Letter Template, signed by the civil engineer or responsible pary,
declaring whether the project follows local erosion and sedimentation control stan-
dards or the referenced EPA standard. Provide a brief list of the measures imple-
mented. If local standards and codes are followed, describe how they meet or exceed
the referenced EPA standard.

Summary of Referenced Standard

Storm Water Management for Construction Activities (USEPA Document No. EPA
832R92005), Chapter 3

U.S. Environmental Protection Agency Office of Water, www.epa.gov/OW

Interner download link for Chaprer 3 (72 pages): www.epa.gov/npdes/pubs/
chap03_conguide.pdf. Download site for all sections: htep://yosemite.epa.gov/water/
owrccatalog.nsf, search by tide index.

Hardcopy or microfiche (entire document, 292 pages): National Technical Informa-
tion Service (order # PB92-235951), www.nts.gov, (800) 553-6847

This standard describes two types of measures that can be used to control sedimenta-
tion and erosion. Stabilization measures include temporary seeding, permanent seed-
ing and mulching. All of these measures are intended to stabilize the soil to prevent
erosion. Structural control measures are implemented to retain sediment after erosion
has occurred. Structural control measures include earch dikes, silt fencing, sediment
traps and sediment basins. The application of these measures depends on the condi-
tions at the specificsite. [flocal provisions are substantially similar, they can be substi-
tuted for this standard if it is demonstrated that local provisions meet or exceed the
EPA best management pracrices.

— = LEED-NC Version 2.1 Reference Guide
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Prerequisite 1

Credit Synergies

88 Credit 1

Site Selection

85 Credit 2
Urban Redevelaopmen|
S5 Credit 3
Brownfield
Redevelapment
SS Credit 4
Allernative
Transporlation

S8 Credit 5
Reduced Sie
histurlance

S8 Credit 6
sSlormwater
Management

SS Credil 7
Landscape & Exteriog
Design lo Reduce
Heat 1slands

WE Credil 1
Water Ellicient
Landscaping

LS. Green Building Council
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Green Building Concerns

Site clearing and earth moving during
construction often results in significant
erosion problems because adequate envi-
ronmental protection strategies are not
employed. Erosion results from precipi-
tation and wind processes, leading to deg-
radation of property and sedimentation
of local water bodies. This affects water
quality as well as navigation, fishing and
recreation activities. Forrunately, mea-
sures can be implemented to minimize site
erosion during construction and to avoid
erosion once the buildings are occupied,

Environmental Issues

Contaminated warer thar Hows into re-
ceiving waters distupts stream and estu-
ary habitats.  Contributors to erosion
problems include destruction of vegera-
ion that previously slowed runolt and
reconfiguration of natural site grading,
Controlling stormwater runoff reduces
crosion and contamination of receiving,

wWaters.

Fconomic Issues

Erosion and sedimentation control does
not necessarily add cost to a project. Re-
duction of sedimentation and erosion
through landscaping and other measures
can in fact reduce the size, complexity and
COst “I. stormwater ll‘l&lll.‘ig.',l’l‘lu'lﬂ. -
surcs.  While there are additional costs
associated with identifying soil conditions
at the site, the knowledge gained can help
avoid problems over the building lifetime.
For instance, soil erosion issues associated
with unstable foundations and potential
loss of structural integrity can be avoided
if soil conditions are documented in ad-
vance and used in the building design.

Landscaping activities to prevent soil ero-
ston include augmentation of poor soil
and inclusion of specialized plantings in
the landscape design to retain soil in place.
Excessive landscaping may require main-
tenance over time, resulting in additional

operation costs. Use of native plants re-
duces both watering and maintenance
requirements.

Community Issues

Communities benefir from reduced ero-
sion and sedimentation control through
improved water quality in local streams,
rivers and lakes. These water bodies are
valuable to communities for sustenance,
navigation and recreation.

Design Approach

Strategies

As a general approach to achieve this
credic: (1) identify the soil composition
on the project site, (2) uncover porential
site problems, and (3) develop mitigation
strategies,  Protect erosion-prone arcas
from construcrion activities, and imple-
ment a soil stabilization plan in suscep-
tible arcas. The plan should include strin-
gent erosion control requirements in con

struction drawings and specifications to
control erosion and sedimentation dur-
ing construction activities.  In addition
to construction controls, design the
project site to minimize crosion and sedi-
mentation processes over the lifetime of
the building,

Eroston and sedimentation control mea-
sures should be addressed in an Erosion
Control Plan.  This plan often covers
stormwater management in addition to
erosion control because these concepts are
intimately linked. The document should
include the following information:

1. Statement of crosion control and
stormwater control objectives

2. Comparison of post-development
stormwarer runoff conditions with
predevelopment conditions

3. Description of all temporary and per-
manent erosion control and stormwater

control measures implemented on the
project site



4. Desceription of the type and frequency
of maintenance acuvities required for the
chosen erosion control methods

Consider augmenting the project design
team with an expert in sustainable land-
scape architecture and land planning. The
expert should be familiar with local and
state legal requirements for erosion con-

trol, as well as strategies and technologices

to minimize erosion and sedimentation.

Technologies

Table 1 describes technologies for con-
trolling erosion and sedimentation as rec-
ommended by the referenced standard.

Synergies and Trade-Offs

Measures for erosion and sedimentation
control are dependent on site location and
site design. These measures are often in-
tcgrul‘cd with stormwarter management
plans because stormwater is a large con-
tributor to erosion problems. Landscap-

ing strategies have a significant effect on
erosion. The most suitable areas on a site
for a building in terms of passive solar
gains or environmental quality benefits
may be inappropriate due to problematic
soil conditions. Conversely, landscaping
that is planted for soil erosion mitigation
might affect passive solar gains or wind
currents used for nacural ventilation.

Definitions

Erosion is a combination of processes in
which marterials of the carth’s surface are
loosened, dissolved or worn away, and
rransported from one place to another by
narural agents.

Sedimentation is the addition of soils to
water bodies by natural and human-re-
lated activities. Sedimentation decreases
water quality and accelerates the aging
process of lakes, rivers and streams.

Table 1 Technologies for Controlling Lrosion & Sedimentation

‘Control Technology

Description

Stabilization

Temporary Seeding S6ile

Parmanent Seeding soll

Mulching

Structural Control

Plant last-growing grasses to lemporarily stabilize
Planl grass, trees, and shrubs (o permanently stabilize

Place hay, grass, woodchips, straw, or gravel on the
soil surface to cover and hold soils.

Construct a mound of stabilized soil to divert surface

Earth Dike

runoff volumes from disturbed areas or into sediment

basins or sediment traps.

Construct posts with a filter fabric media to remove

Silt Fence
fence.

sediment from stormwater volumes flowing through the

Excavale a pond area ar construct earthen

Sediment Trap

embankments to allow for settling of sediment from

stormwater volumes.

Construct a pond with a controlled waler release

Sediment Basin

structure to allow for setlling of sediment from

stormwater volumes.

WE|EA |[MR|EQ| ID
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Prerequisite 1

Case Study

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

The University of California at Santa Barbara’s Donald Bren
School of Enyironmental Science and Management is a LEED™
Version 1.0 Platinum Pilot Project. The Bren School houses cam-
pus facilities including research and teaching laboratories, and
offices. An erosion control plan was instituted for the project to
.Pre\(eﬂt Cﬂﬂtaﬂul]atcd fuﬂoﬁ.(: fl.'om leﬂvlﬂg thﬁ site bounda.l'y
Construction stormwater controls included temporary silt fenc-
ing and straw-bale catch basins. Project specifications and plans
included requirements to preserve topsoil and limit site distur-
bance. During construction, grading activities were scheduled in
accordance with weather conditions. Construction materials
stored on-site were protected from the elements to prevent con-
ramination of stormwater volumes, and construction worlers were
informed of the stormwater control program. During building
'UCCI.I.PH.[IC}G stormwarter Systé:m inSPCC[iUn.S are: Schedulcd 10 oc-
‘cur annually, before and after storm events, and weekly to ensure
_P].—Opcf Dpcmtioﬂ Of stormwarter CDIT[I'OIS.

-"| ) '!Llwﬂr‘-‘. e
iﬁi JlﬁjTﬂulf'I]lil

74 Tl .
A D1 o

,._.d,_;‘-!'|| el

'h i LN Rt [ l 111|411
STl la»_l?v: I

sy of Zimmer Ghinsul Frasca Partnership

Owner
University of California at Santa Barbara

LS. Green Building Council
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Site Selection Credit 1

Intent 1 point

Avoid development of inappropriate sites and reduce the environmental impact from
the location of a building on a site.

Requirements

Do not develop buildings, roads or parking areas on portions of sites that meet any one
of the following criteria:

® Primc farmland as defined by the United States Deparement of Agriculture in
the United States Code of Federal Regulations, Title 7, Volume 6, Parts 400 to
699, Section 657.5 (citation 7CFRG657.5).

e lLand whose elevation is lower than 5 feet above the elevation of the 100-year
flood as defined by the Federal Emergency Management Agency (FEMA).

e Land which is specifically identified as habitat for any species on Federal or
State threatened or endangered lists.

e  Within 100 feer of any water including wetlands as defined by United States
Code of Federal Regulations 40 CFR, Parts 230-233 and Part 22, and isolated
wetlands or areas of special concern identified by state or local rule, OR grearer
than distances given in state or local regulations as defined by local or stare
rule or law, whichever is more stringent.

o Land which prior to acquisition for the project was public parkland, unless
land of equal or greater value as parkland is accepred in trade by the public
landowner (Parl /\utlmriry projects are exempt).

Submittals

d  Provide the LEED Letet Template, signed by the civil engineer or responsible
A I
party, declaring that the project site meers the credit requiremerits.

Summary of Referenced Standards

U.S. Department of Agriculture Definition of Prime Agricultural Land as stated in
United States Code of Federal Regulations Title 7, Volume 6, Parts 400 to 699, Sec-
tion 657.5 (citation 7CFR657.5) www.access.gpo.gov/nara/ (go to “browse your choice
of CFR titles and/or volumes™)

This standard states: “Prime farmland is land that has the best combination of
physical and chemical characteristics for producing food. feed. forage, fiber, and
oilseed crops, and is also available for these uses (the land could be cropland,
pastureland, rangeland, forest land, or other land, but nor urban built-up land or
water). It has the soil quality, growing season, and moisture supply needed to
economically produce sustained high yiclds of crops when treated and managed,
including water management, according to acceptable farming methods. In general,
prime farmlands have an adequate and dependable water supply from precipitation

. LEED-NC Version 2.1 Reference Guide
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or irrigation, a favorable temperarure and growing season, acceptable acidity or
alkalinity, acceprable salt and sodium content, and few or no rocks. They are perme-
able to water and air. Prime farmlands are not excessively erodible or saturated with
water for a long period of time, and they either do not flood frequently or are
protected from flooding. Examples of soils that qualify as prime farmland are
Palouse silt loam, 0 to 7 percent slopes; Brookston silty clay loam, drained; and
Tama silty clay loam, 0 to 5 percent slopes.”

Federal Emergency Management Agency (FEMA) 100-Year Flood Definition
Federal Emergency Management Agency, www.fema.gov, (202) 646-4600

This referenced standard addresses flood clevations. FEMA defines a 100-Year Flood
as the Hood elevation that has a 1% chance of being reached or exceeded each year. It
is not the most significant flood in a 100-year period. Instead, 100-year floods can
occur many times within a 100-year period. See the FEMA Web site for comprehen-
sive information on floods and other narural disasters such as wildfires and hurricanes.

Endangered Species Lists

U.S. Fish and Wildlife Service’s List of Threatened and Endangered Species,
endangered. fws.gov

This referenced standard addresses threatened and endangered wildlife and plants. The
Service also maintains a list of plants and animals native to the United States that are
candidates for possible addition to the federal list.

National Marine Fisheries Service’s List of Endangered Marine Specics,
www.nmfs.noaa.gov/endangered.hem

Consult state agencies for state-specific lists of endangered or threatened wildlife and
plant species.

Definition of Wetlands in the United States Code of Federal Regulations, 40 CFR,
Parts 230-233, and Part 22

www.access.gpo.gov/nara/cfr/index.homl, (888) 293-6498

This referenced standard addresses wetlands and discharges of dredged or filled mate-
rial into waters regulated by states. The definition of wetland areas pertaining to this
credit, found in Parc 230, is as follows:

“Wetlands consist of areas thart are inundated or saturated by surface or ground water
at a frequency and duration sufficient to support, and thar under normal circum-
stances do support, a prevalence of vegetation typically adapted for life in saturated soil
conditions.”




Green Building Concerns

As non-urban d{:vclopmcn[ increases, the
importance of prudent site selection in-
creases as well. Prevention of habitat en-
croachment is an essential elementof sus-
tainable site selection. The best strategy
for selecting a building site is to choose a
previously developed site. Since these sites
have already been disturbed, damage to
the environment is limited and sensitive
land areas can be preserved.

The site surrounding a building defines
the character of the building and provides
the first impression for occupants and visi-
tors to the building. Creative and careful
site designs can integrate the natural sur-
roundings with the building(s), provid-
ing a strong connection between the built
and natural environments and minimiz-
ing adverse impacts on the non-built por-
tions of the site.

Environmental Issues

Habitat preservation is the most effecrive
means to meet the requirements of the
Endangered Species Act and to minimize
developmental impacts on indigenous
wildlife. Not building on inappropriate
sites preserves these areas for wildlife, rec-
reation and ecological balance. Building
on inappropriare sites such as floodplains
can be detrimental to ccosystems.

Economic Issues

Site selection can play an imporrant role
in the way in which the public responds
to, and is involved with, the proposed
development. Channeling development
away from sensitive ccological areas in
favor of previously disturbed sites can
encourage public support for a project and
speed public review periods, thus mini-
mizing or preventing obstacles tradition-
ally encountered during project scoping.
Economically; this can also save on miti-
gation costs that a developer would incur
it the proposed development were ap-
proved within a sensitive area,

Appropriate site selection can reduce the
risk of property damage due to natural
events such as landslides, floods, sinkholes
and soil erosion. Higher first costs may
be encountered due to site survey and se-
lection acrivities. Increased property val-
ues can offset these costs in the future.
Proper site selection can also avoid po-
tential loss of property due to potential
litigation resulting from harm to endan-
gered species.

Community Issues

Prudent site selection can enhance prop-
erty values within the community when
development is integrated into the sur-
rounding ecosystem. For example, by
clustering buildings in a neighborhood,
green space can be scraside for parks and
community gathering spaces. Thought-
ful site selection and planning can also
allow the developer to integrate unique
neighborhood characteristics during
project design.

Design Approach

Strategies

Avoid developing sites that exhibit any
of the characteristics listed in the re-
stricted criteria. Consider the proposed
use of the building, and set a preference
for previously developed sites that
complement the use, thereby reducing
associated parking needs and vehicular
miles traveled. The site selection process
might include landscape architects, ecolo-
gists, environmental engineers and civil
engincers, as well as local professionals
who can provide site-specific expertise.

Have a government official, ccologist or
other qualified professional perform a site
suryey to inventory the important environ-
mental characreristics, including wetlands,
sloped areas, unique habitat areas and for-
ested areas. Zoning requirements of the
local municipality and the community
master plan should be integrated ro the

Bl we| EA [MR[EQ] 1D

Credit 1

Credit Synergies

85 Prerequisite 1
Lrosion & Sedimentation
Caontrol

§S Credil 2
Urban Redevelopment
SS Credil 3
Brownfield
Redevelopment
S5 Credit 4
Allernative
Transportation

SS Credil 5
Reduced Site
Disturbance

$S Credit 6
Starmwaler
Management

S5 Credit 7
Landscape & Exterior
Design o Reduce
Heat lslands

S5 Credil 8

| Light Pollution
Reduction

MR Credit 1
Building Reuse

EQ Credit 8
Daylight & Views
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greatest extent possible. Community co-
ordination and consideration of public
comiments can hclp Pr&—cn‘lpt ncgﬂtive Com-
munity reaction. Where feasible, integrate
neighboring acrtivities to create a develop-
ment with shared amenities and spaces.

When designing the building, consider a
smaller footprint, and set aside large con-
tiguous areas for natural space on the project
site. Build in dense blocks to limit the de-
velopment footprint and site disturbance
to the smallest area possible. Incorporate
site features into the design such as natural
fearures that already exist on the site, natu-
ral shelter from trees or terrain, natural ar-
eas for ourdoor acrivities, and warer fearures
for thermal, acoustic and aesthetic benefit.

Synergies and Trade-Offs

Site selection is the basis of site design and
affects all aspects of the site, including
transportation amenities, natural areas,
stormwater management, amount of im-
pervious surfaces, and site lighting require-
ments. Water supply and management
issues, especially landscape irrigation and
stormwater reuse, are dependent on project
location. Oppeortunities to increase the
building’s energy performance can be re-
alized by locating the project in areas where
narural ventilation and solar gains can be
managed and based on the angles and lo-
cation of the sun. The local climate and
marketplace should influence choices of
materials. Narural ventilation and daylight
can benefit indoor environmental quality.

Resources

Web Sites
ESRI
www.esri.com/hazards/makemap.html

This software company creates tools for
GIS mapping. lts Web site includes an
option to make a map of all of the flood
areas within a user-defined location.

Natural Resources Defense Council
www.nrdc.org, (212) 727-2700

NRDC uses law, science, and a large
membership base for protection of wild-
life and wild places to ensure a safe and
healthy environment.

Print Media

Constructed Wetlands in the Sustainable
Landscape by Craig Campbell and
Michael Ogden, John Wiley & Sons,
1999.

Holding Our Ground: Protecting
America’s Farms and Farmland by Tom

Daniels and Deborah Bowers, [sland

Press, 1997.

Saved By Development: Preserving En-
vironmental Areas, Farmland by Rick
Prueez, Arje Press, 1997.

Wetland Indicators: A Guide to Wetland
Identification, Delineation, Classifica-
tion, and Mapping by Ralph W. Tiner,
Lewis Publishers, 1999,

Definitions

A Community is an interacting popula-
tion of individuals living in a specific area.
The Development Footprint is the area
on the project site that has been impacted
by any development activity. Hardscape,
access roads, parking lots, non-building
facilities and building structure are all in-
cluded in the development footprint.

An Ecosystem is a basic unit of nature
that includes a community of organisms
and their nonliving environment linked
by biological, chemical, and physical pro-
CESS.

An Endangered Species is an animal or
plant species that is in danger of becom-
ing extinet throughout all or a significant
portion of its range due to harmful hu-
man activitics or environmental factors.

hreatene ecies 15 an animal or
A T} d Sp |
plant species that is likely to become en-
dangered within the foreseeable future.



Wetland Vegetation consists of plants that
require saturated soils to survive as well
as certain tree and other plant species that
can tolerate prolonged wet soil conditions.

WE|EA|MR[EQ| ID
Credit 1
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Development Density Credit 2

Intent 1 point

Channel development to urban areas with existing infrastrucrure, protect greenfields

and preserve habitat and nawural resources.

Requirements

Inerease localized density to conform to existing or desired density goals by utilizing

sites that are located within an existing minimum development density of 60,000 square

feet per acre (two story downtown development).

Submittals

U Provide the LEED Letter Template, signed by the civil engineer, architect or other
responsible party, declaring that the project has achieved the required develop-
ment densities. Provide density for the project and for the surrounding area.

- Provide an area plan with the project location highlighted.

Summary of Referenced Standard

There is no standard referenced for this credir.

LEED-NC Version 2.1 Reference Guide
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Credit 2

Credit Synergies

§S Prerequisite 1
Frosion & Sedimentalion
Control

SS Credit 1
Site Selection
SS Credit 3
Brownfield
Redevelopmend

SS Credil 4
Allernative
Transportation

SS Credil 5

Reduced Site
Disturbance

SS Credil 6
Stormwater
Management

SS Credit 7
Landscape & Exterior
Design to Reduce
Heal Islands

MR Prerequisile 1
Storage & Collection of
Recyclables

MR Credit 1

Building Reuse

MR Credit 2
Construclion Waste
Management

MR Credit 3

Resource Reuse

EQ Prerequisite 1
Minimum 1AQ
Periormance

EQ Credit 2
Increase Ventilation
Effectiveness

EQ Credit 8
Daylight & Views

.S, Green Bui[din_g' Council
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Green Building Concerns

The development of open space away
from urban cores and other existing de-
velopment may reduce a property’s first
cost, but this development paradigm has
far-reaching negative consequences for the
environment and the community. Build-
ing occupants become increasingly depen-
dent on privare automobiles for commut-
ing. As travel distances increase, this re-
sults in more air and water pollution.
Prime agricultural land is lost and previ-
ously developed urban sites fall into dis-
use and decay. Utility, transportation and
community support infrastructure must
also be developed to support the people
who utilize new buildings. These infra-
structure requirements increase the
development’s impact far beyond the ini-
tial project scope. In contrast, urban re-
development is an effective strategy to
curb suburban sprawl, tap into existing
infrastructure and conserve rapidly dis-
appearing greenfield space.

Environmental Issues

By maintaining density in cities, agricul-
tural land and greenfield areas are pre-
served for future generations. Mass trans-
Portﬂriﬂn in Lll'bﬂn areas can b{.‘, an attrac-
tve alternative mode of transportation,
reducing impacts associated with auto-
mobile use. Building in urban areas re-
duces the number of vehicle miles trav-
eled and, thus, reduces pollution caused
by autemobiles. The use of existing util-
ity lines, roadways, parking, landscaping
components and other services eliminates
the environmental impacts of construct-
ing these features for non-urban devel-
opments.

Economic lssues

A significant economic benefit of infill de-
velopment is the reduction or elimination
of new infrastructure, including roads, util-
ity services and other amenities already in
place. If mass transit serves the urban site,
significant cost reductions are possible by

downsizing the project parking capacity.
Urban infill development sometimes re-
quires significant additional costs when
Con'lparf_'d Wlfh Sllbl.ll'ba n dCVCIOPmCﬂt
due to site constraints, contaminated soils
and other issues. Municipal and county
incentives for urban infill projects may also
be available.

Community Issues

Urban sprawl affects quality of life be-
Cause cominuters must Spcﬂd inCrCaSing
amounts of time in their automobiles. In
addition, families often need more ve-
hicles to accommodate family needs, re-
sulting in a higher cost of living and less
free time. The redevelopment of urban
areas helps restore, invigorate and sustain
established urban living pacterns, creatr-
ing a more stable and interactive com-
mUunity.

Design Approach

Strategies

The general approach for achieving this
credit is to give preference to sites within
an existing urban fabric. Work with lo-
cal jurisdictions and follow the urban de-
velopment plan to meet or exceed den-
sity goals. Consider synergies with neigh-
borsand choose sites based on infrastruc-
ture, transportation and quality-of-life
considerations. Sites with redevelopment
plans that will achieve the required de-
velopment density by the completion of
the project should not be excluded from
This credit can be

achieved by choosing to develop a site

consideration.

where a community revitalization is oc-
curring provided the required develop-
ment density is achieved by the project’s
completion.

Synergies and Trade-Offs

Urban redevelopment affects all areas of
site design including site selection, espe-
cially transportation planning, the over-
all building footprint and stormwater



management. Urban sites often involye
the rehabilitation of an existing building,
with a reduction of construction waste
and new material use. However, these
sites may also have limited space avail-
able for construction waste management
activities and occupant recycling pro-
grams.  Urban sites may have negative
IEQ aspects such as contaminated soils,
undesirable air quality or limiced
daylighting applications.

Calculations

The following calculation methodology
is used to support the credit submireals
listed on the first page of this credit. To
determine the development density of a
project, both the project density and the
densities of surrounding developments
must be calculated. The extent of neigh-
boring areas to include in density calen-

lations varies depending upon the size of

the project. Larger projects are required
to consider a greater number of neigh-
hi:i]'il‘l{v_’1 I_Jrf’i_]ﬁl’[iﬁﬁ [hll” .5|T1'Clll(:l_ PI’UjUL'[S.
The density calculation process is de-
scribed in the following steps:

L. Determine the total area of the project
site and the toral square footage of the
building. For projects that are part of «
larger property (such as a campus), de-
fine the project area as that which is de-
fined in the project’s scope. The project
area must be defined consistently
throughout LEED documentation.

2. Caleulate the development density for
the project by dividing the total square
footage of the building by the toral site
area in acres. This development density

Equation 1:
Development | SF

must be equal to or greater than 60,000
square feer per acre (sec Equation 1).

3. Convert the toral site area from acres
to square feet and calculate the square
root of this number. Then multiply the
square root by three to determine the ap-
propriate density radius. (Note: the
square root function is used to normalize
the caleulation by removing effects of site
shape.) (see Equation 2).

4. Overlay the density radius on a map
that includes the project site and sur-
rounding areas, originating from the cen-
ter of the site. This is the density bound-
B [‘-\.’A II]CI[I({C Hi SC'J.}L’ an 1‘]1{' n]'ﬂl:).

5. For each property within the density
boundary and for those properties that
intersect the density boundary, create a
table with the building square footage and
site arca ol cach property.  Include all
properties in the density calculations ex-
cept for undeveloped public arcas such
as parks and water bodies. Do not in-
clude public roads and right-of-way ar-
eas, Information on neighboring prop-
erties can be obtained from your city or
county zoning department.

6. Add all the square foorage values and
site arcas.  Divide the total square foor:
age by the total site area to obtain the
average property density within che den-
sity boundary. The average property den-
sity of the properties within the density
boundary must he equal to or greater than
60,000 square feer per acre.

The following example illustrates the
property density caleulations: A 30,000-
square-foot building is located on a 0.44-

_ Building Square Footage [SF]

DenSity acre

Equation 2:

Property Area [acres]

Density
Radius

[LF] = 3 x | Property Area [acres] x 43,560 [i]

dacre

WE|EA [MR[EQ| ID

Credit 2
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acre urban site and the calculations are
used to determine the building density.
The building density is above the mini-
mum density of 60,000 square feet per
acre required by the credit (see Table 1).

Next, the density radius is calculated. A
density radius of 415 feet is calculated (see
Table 2).

The density radius is applied to an area
plan of the project site and surrounding
area. The plan identifies all properties that
are within or are intersected by the den-
sity radius. The plan includes a scale and
a north indicator.

Table 3 below summarizes the informa-
tion about the properties identified on the
map. The building space and site area
are listed for each property. These values

e—

Figure 1: An lllustration of a Sample Area Plan

are summed and the average density is
calculated by dividing the rotal building
space by the total site area.

For this example, the average building
density of the surrounding area is greater
than 60,000 square feet per acre, and,
thus, the example qualifies for one point
under this credit.

Resources

Web Sites

International Union for the Scientific
Study of Population

WWW.ILSSP.OTg

TUSSP promotes scientific studies of de-
mography and population-related issues.

2 me)[2,,
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Table 1: Property Density Caleulations Print Media WE! EA"MR[ EQ.} D

"Bu:i:lding el Chﬂ.ugingPlaces Rebuilding Commu- Credit 2
.0 nity in the Age of Sprawl by Richard
" SIMEEES]  Moe and Carter Wilkie, Henry Holr &
Project 30,000 0.44  Company, 1999.
Density [SF/acre] 68,182  Density by Design: New Directions in

Residential Development, Steven Fader,
Urban Land Institute, 2000. )

Green Development: Integrating Ecol-
ogy and Real Estate, by Alex Wilson et

Table 2: Density Radiug Caleulation

SRR R al., John Wiley & Sons, 1998.
Site Area [acres] 044 OnceThere Were Greenfields: How Ur-
Density Radius [LF] 415 ban Sprawl Is Undermining America’s

Environment, Econoemy, and Social
Fabric by F. Kaid Benficld et al., Natural
Urban Land Institute Resources Defense Council, 1999,
www.uli.org, (800) 321-5011 Suburban Nation: The Rise of Sprawl
The Urban Land Institute is a nonprofit  and the Decline of the American
education and research institute rlu,tlssup— Dream by Andres Duany et al., North
ported by its members. lts mission is to pro-  Point Press, 2000.

vide responsible leadership in the use of land

in order to enhance the total environment.

Table 3: Sample Area Propertics

Buildings wlihm B‘Uildihj_ Buildings within Building Site.

Density Radius Space Density Radius Space  Area
) ISFl. (e SF]  [acres)
A 33425 039 N 28740 030
B 87,500 158 0O 6,690 0.15
c 6,350 026 P 39,000 0.39
D 27,560 032 Q 348,820 2.54
E 66,440 117 R 91,250 1.85
F 14,420 136 S 22,425 0.27
G 12,560 020 T 33,650 0.51
H 6,240 014 U 42,400 0.52
[ 14,330 022 V z 0.76
J 29,570 041 W 19,200 0.64
K 17,890 031 X 6,125 026
L 9,700 031 Y 5,000 0.30
M 24,080 064 Z 4,300 0.24

Total Building Space [SF] 997,665

Total Site Area [acres] 16.04

AVERAGE DENSITY [SF/acres] 62,199

= o v LEED-NC Version 2.1 Refererice Guide
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Case Study

building is a rehabilitatio

munity planning agencies
yp g

Definitions
A Greenfield is undeveloped land or land

that has not been impacted by human
activity.

Property Area is the legal property
boundary of a project and includes all
areas of the site including construcred ar-
eas and non-construcred areas.

Site Area is defined the same as property
area.

The Square Footage of a building is the
total area in square feer of all rooms in-
cluding corridors, elevators, stairwells and
shaft spaces.

KSBA Architects Office Building
Pittsburgh, Pennsylvania

The KSBA Architects office building is a LEED™ Certified Pi-

lot Project located in the Lawrenceville section of Pittsburgh. The

n project of a building originally con-

structed in 1888 and is part of a decade-long neighborhood revi-
talization program invelving several local jurisdictions and com-

. The two-story building is located in a

neighborhood that includes a variety of businesses and indus-
tries, all within close proximity to downtown Pittsburgh. The

location benefits che buil

transportation and living,

ding occupants by providing a neigh-

borhood that is conducive to walking, eating, entertainment,

v it KABA Archilicts

Owner
KSBA Architects

U.S. Green Building Council
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Brownfield Redevelopment Credit 3

1 point
Intent

Rehabilirate damaged sites where development is complicated by real or perceived en-
vironmental contamination, reducing pressure on undeveloped land.

Requirements

Develop on a site documented as contaminated {(by means of an ASTM E1903-97
Phase 11 Environmental Site Assessment) OR on a site classified as a brownfield by a
local, state or federal government agency. Effecrively remediare site contamination.

Submittals

U Provide a copy of the pertinent sections of the ASTM E1903-97 Phase 11 Environ-
mental Site Assessment documenting the site contamination OR provide a letter
from a local, state or federal regulatory agency confirming that the site is classified
as a brownfield by that agency.

4 Provide the LEED Letter Templare, signed by the civil engineer or responsible
party, declaring the type of damage that existed on the site and describing the
remediation performed.

Summary of Referenced Standards
ASTM E1903-97 Phase II Environmental Site Assessment
ASTM International, WWW-aStm.Org

This guide covers a framework for employing good commercial and customary prac-
tices in conducting a Phase I environmental site assessment of a parcel of commercial
property. It covers the potential presence of a range of contaminants that are within the
scope of CERCLA, as well as petroleum products.

EPA Brownfields Definition
EPA Sustainable Redevelopment of Brownfields Program, www.epa.gov/brownfields

With certain legal exclusions and additions, the term “brownfield site” means real
property, the expansion, redevelopment, or reuse of which may be complicared by the
presence or potential presence of a hazardous substance, pollutant or contaminant
(source: Public Law 107-118, H.R. 2869 — “Small Business Liability Relief and
Brownfields Revitalization Act”). See the Web site for additional information and
resources.

- = LEED-NCVersion 2.1 Reference Guide
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Credit 3

Credit Synergies

S5 Prerequisite 1
Frosion & Sedimentation
Contral

S5 Credil 1
Site Selection

SS Credit 2
Urban Redevelopment

SS Credit 4
Alternative
Transportation
SS Credit 5
Reduced Sile
Disturbance
55 Credil 6

Stormwater
Management
MR Credit 1
Building Reuse

MR Credil 2
Construction Wasle
Management

MR Credil 3
Resource Reuse
EQ Prerequisite 1
Minimum IAQ
Periormance

U.S. Green Building Council
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Green Building Concerns

Many potential building sites in urban
locations have been abandoned due to real
or perceived contamination from previ-
ous industrial or municipal activiries.
These sites can be remediated and rede-
veloped for reuse. Environmental and
economic concerns are key issues when
evaluating brownfield redevelopment.
Costs incurred ro remediate site contami-
nation and land prices can be additive or

can offset each other. Perception of the

building site by the building owner and
future building occupants must also be
weighed. Building owners may be wary
of cleanup requirements and the poten-
tial for liability associated with contami-
nants migrating off-site and impacting
downstream neighbors. Building occu-
pants may worry about health risks from
breathing contaminated air or coming
into contact with contaminated soil.
These concerns must be investigared and
resolved before making the final decision
to redevelop a brownfield site,

Environmental Issues

Remediation efforts remove hazardous
materials from brownfield sites’ soil and
groundwater. This reduces the exposure
of humans and wildlife to health risks as
a result of environmental pollution. Re-
development of brownfield sites provides
an alternate option to developing on
greenﬁeld sites. Preservation of greenfield
sites for future generations decreases the
overall environmental impact of develop-
ment. Brownfields often have existing
infrastructure improvements in place in-
cluding utilities and roads, reducing the
need for further environmental impacts
due to construction of new infrastructure.
In some instances, rather than remediate
the contamination, it may be more sen-
sible to leave conraminants in _place,
choosing instead to stabilize and isolate
rhe Cﬂl'ltﬂmiﬂﬂ.ﬂts FI'OITI hl_lmﬁn CXPOSI] re.

Economic Issues

Brownfields can offer an actractive loca-
tion and are often inexpensive when com-
pared to comparable uncontaminated
properties. [t is essential to weigh the
value of the remediated property against
cleanup costs to determine if the site is
economically viable for redevelopment.
Developers have been reluctant to rede-
velop brownfield sites in the past due ro
potential liability associated with taking
responsibility for the cleanup of others’
contamination. In recent years, the EPA
and many state and local government
agencics have begun to provide incentives
for brownfield redevelopment by enact-
ing laws that reduce the liability of devel-
opers who choose to remediate conrami-
nated sites. Before embarking on a
brownfield development effort, it is im-
portant to contact state and local regula-
tors to determine the rules governing these
sites and available financial assistance pro-
grams. It may also be helpful to contact
the regional EPA’s Office of Solid Waste
and Emergency Response (OSWER),
which may provide site characterization
and remediation support.

Community Issues

Reclaiming contaminated sites can con-
tribute to social and economic revitaliza-
tion within neighborheods by raking a
local liability and turning it into an asset.
Cleaning up contaminated properties can
instill a new sense of pride in local resi-
dents, and it can also provide the incen-
tive to improve nearby properties.

Design Approach

Strategies

Gain community support by highlight-
ing the environmental, economic and
community-related benefits of brownfield
redevelopment. Negotiate with local
municipalities and landowners for below-




market purchase prices for brownfield real
estate.  Also, obtain tax incentives by
meeting the locally applicable require-
ments of EPA brownfield tax credits. The
advantages and disadvantages of
brownfield redevelopment must be care-
fully considered during the site selection
process.

Utilize remediation experts to develop a
master plan for site remediation. Priori-
tize site remediation activities based on
available funds and specific site consider-
ations, and establish time frames for com-
pleting remediation activities. Test for
toxicity and hazardous levels of pollution
on the proposed site. To earn this credit,
a site with existing hazardous substances
present or potentially present must be se-
lected, and remediation efforts must be
performed to identify; contain and miti-
gate the hazard.

Clean the site using established technolo-
gies that have minimal disruption on the
natural site features, both above ground
and underground. Consider in-situ
remediation schemes that treat contami-
nants in place instead of off-site. Once
remediation is complete, continue to
monitor the site for the identified con-
taminants to ensure that contamination
problems do nor return.

Technologies

Remediation efforts on brownfield sices
are sometimes costly and rime-intensive
due to the potentially extensive effort re-
quired to characterize the contamination,
evaluate cleanup options and perform
cleanup activities. However, substantially
lower property costs can offset
remediation costs and time delays. The
cost of remediation strategies varies by site
and region. Several remediation strate-
gies should be considered in order to iden-
tify the strategy with the greatest benefit
and lowest cost to the property owner.

The appropriate technology for a specific
site depends on the contaminants present,

hydrogeologic conditions and other fac-
tors. Traditional remediation efforts for
contaminated groundwater are termed
“pump-and-treat.” Pump-and-trear tech-
nologies involve pumping contaminated
groundwater to the surface and treating
the water using physical or chemical pro-
cesses.  Contaminated soils can be
remediated in a variety of ways. Advanced
technologies such as bioreactars and in-
situapplications are sometimes more cost-
eftective than hauling large quantities of
contaminated soil to an approved disposal
facility. Innovative remediation efforts
such as solar detoxification technologies
are currently being developed and are ex-
pected to reduce remediation costs in the
future. It is important to consider the
environmental implications of all
remediation strategies being investigated
for your project to ensure the solution
does not cause problems elsewhere.

Synergies and Trade-Offs

Brownfield redevelopment has an impact
on all aspects of the site design and often
works in concert with urban redevelop-
ment efforts. Existing infrastructure can
lower development costs and take advan-
tage of connections with neighboring
sites. Some brownfield sites include ex-
isting buildings that can be rehabilitated.
However, it is always prudent to investi-
gate potential contamination problems
and their effect on indoor air quality and
occupant health before selecting a
remediation strategy.

Resources

Web Sites
Brownfields Non-Profits Networlk

www.brownfieldsnet.org,
(717) 230-9700

A collection of nonprofit organizations
that provide information on brownfield
redevelopment.

WE|EA[MR[EQ] ID |
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Brownfields Technology Suppert Center
www.brownfieldstsc.org

A public cooperative effort thar provides
technical support to federal, state and lo-
cal officials on irems related o site inves-
tigation and cleanup.

EPA Sustainable Redevelopment of
Brownfields Program

www.epa.gov/brownfields

A comprehensive site on brownfields that
includes projects, initiatives, tools, tax
incentives and other resources to address
brownfield remediation and redevelop-
ment. For information by phone, contact
your regional EPA office.

Print Media

ASTM Standard Practice E1739-95:
Risk-Based Corrective Action Applied
at Petroleum Release Sites, American
Society for Testing & Materials, (610)
832-9585, www.astm.org

This document is a guide for risk-based
corrective action (RBCA), a decision-
making process that is specific to clean-
ing up petroleum releases at contaminated
sites. [t presents a tiered approach to site
assessment and remedial actions. It also
includes a comprehensive appendix with
risk calculations and sample applications.

EPA OSWER Directive 9610.17: Use of
Risk-Based Decision-Making in UST
Correction Action Prdgrams, U.S. Envi-
ronmental Protection Agency, Office of
Underground Storage Tanks, www.epa.gov/
swerustl/directiv/iod961017.hem,
(703) 603-7149

This document addresses the application
of risk-based decision-making techniques
to properties where leaking underground
storage tanks (USTs) have created risks
to human health and the environment.
Guidelines are included to assist in mak-
ing decisions in a manner consistent with
federal law, specifically CERCLA and
RCRA programs. Risk-based decision-

making is a method that urilizes risk and
exposure assessment methodology to de-
termine the extent and urgency of cleanup
actions. The goal is to protect human
health and the environment. This stan-
dard includes several examples of state
programs that use risk-based decision-
making in leaking UST legislation.

Definitions

Bioremediation involves the use of mi-
croorganisms and vegeration to remove
contaminants from water and soils.
Bioremediation is generally a form of in-
situ remediation; and can be a viable al-
ternative to landfilling or incineration.

CERCLA refers to the Comprehensive
Environmental Response, Compensation,
and Liability Act (CERCLA), commonly
known as Superfund. CERCLA addresses
abandoned or historical waste sites and
contamination. [t was enacted in 1980
to create a tax on the chemical and petro-
leum industries and provided federal au-
thority to respond rto releases of hazard-
ous substances.

Ex-Situ Remediation involves the removal
of contaminated soil and groundwater.
Treatment of the contaminated media oc-
curs in another location, typically a treat-
ment facility. A traditional method of ex-
situ remediation is pump-and-treat technol-
ogy that uses carbon filters and incinera-
tion. More advanced methods of ex-situ
remediation include chemical trearment or
biological reactors.

In-Situ Remediation involves treatment
of contaminants in place using technolo-
gies such as injection wells or reactive
trenches. These methods utilize the natu-
ral hydraulic gradient of groundwater and
usually require only minimal disturbance
of the site.

RCRA refers to the Resource Conserva-
tion and Recovery Act. RCRA focuses
on active and future facilities. It was en-
acted in 1976 to give the EPA authority




to control hazardous wastes from cradle
to grave, including generation, transpor-
tation, treatment, storage and disposal.
Some non-hazardous wastes are also cov-
ered under RCRA.

Remediation is the process of cleaning up
a contaminated site by physical, chemical
or biological means. Remediation processes
are typically applied to contaminated soil
and groundwater.

Risk Assessment is a methodology used

caused by contaminants in the environ-

WE|EA[MR|EQ| ID

ment. Information from the risk assess-
ment is used to determine cleanup levels.

Credit 3

A Site Assessment is an evaluation of
above-ground (including facilities) and

subsurface characteristics, including the

geology and hydrology of the site, to de-
termine if a release has occurred, as well
as the extent and concentration of the re-
lease. Information generated during a site
assessment is used to support remedial

to analyze for porential health effeces 31D decisions.

Case Study

Pennsylvania Department of Environmental Protection’s
South Central Regional Office Building
Harrisburg, Pennsylvania

The Pennsylvania Department of Environmental Protection's
' South Central Regional Office Building is a LEED™ Bronze
Pilot Project that uses environmentally friendly technologies to

& % Nullrasrae |

Courtesy of Pennsylvania Department of Fovitonmental Pratectian

Owner

significantly reduce energy consumption while creating a pro-
909 Partners

ductive office atmosphere. The building is located on a site for-
merly used for various industrial and municipal activities. In the
1950s, the 13.5-acre site was quarried for shale. The site was
converted into a municipal waste disposal facility in the 1960s
and 1970s before being abandoned undl the late 1990s. The
Pennsylvania Department of Environmental Protection chose to
redevelop the site to take advantage of the urban location and the
depressed property cost. Remediation efforts included capping
the entire site and installing methane and leachate collection sys-
tems to manage contaminant volumes leaving the site.

LEED-NC Version 2.1 Reference Guide
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Alternative Transportation Credit 4.1

Public Transportation Access

1 point

Intent

Reduce pollution and land development impacts from automobile use.

Requirements

Locate project within 1/2 mile of a commuter rail, lighe rail or subway station or 1/4
mile of two or more public or campus bus lines usable by building occupants.
Submittals

[ Provide the LEED Letter Template, signed by an appropriate party; declaring that
the project building(s) are located within required proximity to mass transit.

1 Provide an area drawing or transit map highlighting the building location and the
fixed rail stations and bus lines, and indicare the distances between them. Include
a scale bar for distance measurement.

LEED-NCVersion 2.1 Reference Guide
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Alternative Transportation

1 point

LLS. Green Building Council
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Bicycle Storage and Changing Rooms

Intent

Reduce pollution and land development impacts from automobile use.

Requirements

For commercial or institutional buildings, provide secure bicycle storage with conve-

nient changing/shower facilities (within 200 yards of the building) for 5% or more of

regular building occupants. For residential buildings, provide covered storage facilities

for securing bicycles for 15% or more of building occupants in licu of changing/shower

facilitics.

Submittals

1 For commercial projects: provide the LEED Letter Template, signed by the Archi-
tect or responsible party, declaring the distance to bicycle storage and showers
from the building entrance and demonstrating that these facilities can accommo-
date ar least 5% of building ocoupants.

OR

L For residential projects: provide the LEED Letter Templare, signed by the archi-
tect or responsible party, declaring the design occupancy for the buildings, num-
ber of covered bicyele storage faciliries for securing bicycles, and demonstrating
that these facilities can accommodare ar least 15% of building occupants.
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Alternative Transportation Credit 4.3

Alternative Fuel Vehicles )
1 point

Intent

Reduce pollution and land development impacts from automobile use.

Requirements

Provide alternative fuel vehicles for 3% of building occupants AND provide preferred
parking for these vehicles, OR install alternative-fuel refueling stations for 3% of the
total vehicle parking capacity of the site. Liquid or gaseous fueling facilities must be
separately ventilated or located outdoors.

Submittals

[d Provide the LEED Letter Template and proof of ownership of, or 2 year lease
agreement for, alternative fuel vehicles and calculations indicaring that alternative
fuel vehicles will serve 3% of building occupants. Provide site drawings or parking
plan highlighting preferred parking for alternative fuel vehicles.

OR

4 Provide the LEED Letter Template with specifications and site drawings high-
lighting alternative-fuel refueling stations. Provide caleulations demonstrating that
these facilities accommodate 3% or more of the total vehicle parking capacity.
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Parking Capacity

Intent

Reduce pollution and land development impacts from single occupancy vehicle use.

Requirements

Size parking capaciry to meet, but not exceed, minimum local zoning requirements
AND provide preferred parking for carpools or vanpools capable of serving 5% of the
building occupants; OR add no new parking for rehabilitation projects AND provide
preferred parking for carpools or vanpools capable of serving 5% of the building occu-
Pﬂ.ﬂ[s.

Submittals

4 For new projects: provide the LEED Letter Template, signed by the civil engineer
or responsible party, stating any relevant minimum zoning requirements and de-
claring that parking capacirty is sized to meet, but not exceed them. State the num-
ber of preferred parking spaces for carpools.

OR

1 For rehabilitation projects: provide the LEED Letter Template, signed by the civil
engineer or responsible party, declaring that no new parking capacity has been
added.State the number of preferred parking spaces for carpools.

Summary of Referenced Standard

There is no standard referenced for this credit.




Green Building Concerns

As of the late 1990s, an estimated 200
million of the 520 million cars worldwide
were located in the United Srates. The
infrastructure (roadways and parking lots)
used by automobiles dissects open ex-
panses that wildlife relies on for migra-
tion and foraging. This impervious in-
frastructure also contribures to the ero-
sion and pollution of receiving waters.
The exhaust from automobiles pollutes
the air and contributes to acid rain. En-
vironmental impacts occur during extract-
ing, refining and transporting crude oil
for gasoline production. Reducing pri-
vate automobile use saves energy and re-
duces associated environmental problems.
Fortunately, alternatives to conventional
transportation methods exist. A surpris-
ingly large number of people are willing
to use alternative means of transportation
such as bicycles, mass transivand carpools
if they are convenient and facilities are
provided to encourage their use. Alrer-
native fuel vehicles lessen environmental
impacts associated with auromobiles.
These vehicles use non-gasoline-based
fuels such as electricity, natural gas and
hydrogen-powered fuel cells. As a resulr,
they require special refueling facilities to
be viable alternacives to conventional ve-
hicles.

Parking facilities for automobiles also have
negative impacts on the environment be-
cause asphalc surfaces increase stormwater
runoff and conrtribute to urban heat is-
land effects. By restricting the size of park-
ing lots and promoting carpooling activi-
ties, building occupants can benefit from
increased green space.

Environmental Issues

Reduction of private automobile use re-
duces fuel consumption and the associ-
ated release of air and warer pollutants in
vehicle exhaust. Alternarive fuel vehicles

offer the possibility of reducing air pol-
lurants from convendonal gasoline-pow-
ered vehicles as well as reducing the envi-
ronmental effects of producing gasoline.
Itis important to remember that vehicles
using fuels such as natural gas and elec-
wricity still cause pollution at the tailpipe
or power plant and are not otherwise en-
vironmentally benign. The use of elec-
tric vehicles eliminartes railpipe exhaust
and centralizes the source of emissions at
power plants, where emissions can be ber-
ter controlled. According to the U.S.
DOE, compressed natural gas vehicle
emissions are 80% less than those from
gasoline-powered vehicles.

Parking lots produce stormwater runoff
and contribute to the urban hear island
effect. They also diminish green space
on the project site. Minimizing parking
lot size reduces the development footprint
and sets aside more space for natural ar-
eas or greater developmenrt densiries.

Economic Issues

Reducing the size of parking areas based
on anticipated use of bicycles, carpools
and public transit by building occupants
may lower initial project costs. 1If local
urtilities charge for stormwater runoff
based on impervious surface area, mini-
mization of these areas can result in lower
stormwater charges.

The initial cost to design and construct a
project in proximity to mass transit var-
ies widely. During the site selection pro-
cess, project owners should compare the
cost of building sites in different areas to
determine if a reduction in automobile
use is possible and economical. Many oc-
cupants view proximity to mass transit as
a benefit and this can influence the value
and marketability of the building. Park-
ing infrastructure and transportation re-
quirements, disturbance of existing habi-
tats, resource consumption, and future
fuel costs should also be assessed.
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The inital project cost increase for bike
storage areas and changing facilities is
nominal relative to the overall project cost.
[nitial costs for alternative vehicles are
higher than for conventional vehicles and
this may delay their purchase, decreasing
the necessity for refueling stations. Dif-
ferent alternative fuel vehicles need dif-
ferent refueling stations, and the costs as-
sociated with these stations vary.

Community Issues

Building occupants can realize health ben-
efits through bicycle and walking com-
muting strategies. Bicycling and walking
also expose people to the community,
encouraging interaction among neighbors
and allowing for enjoyment of the area in
ways unavailable to automobile passen-
gl:rs.

Electric vehicle engines do not contrib-
ute to noise pollution relarive to internal
combustion engines. Alternative fuel ve-
hicles have low, or no, railpipe emissions.
Aside from health benefits, lower emis-
sions can help cities meer federal regula-
tions and qualify for transportation fund-

ing.

Design Approach

Strategies

Survey potential building occupants and
determine if the available mass transpor-
tation options meet their needs. Use ex-
isting transportation networks o mini-
mize the need for new transportation
lines. Provide attractive, functional and
direct sidewalks, paths and walkways to
existing mass transit stops. Provide in-
centives such as transit passes to encour-
age occupants to use mass transit. En-
courage employees to work from home if
practical and design the building to ac-
count for the needs of relecommuting.

Design and construct safe bicycle path-
ways and secure bicycle storage areas for

cyclists.  Provide shower and changing
areas for cyclists that are easily accessible
from bicycle storage areas. For multifam-
ily residential buildings, provide safe, cas-
ily accessible and adequately sized bicycle
racks. Encourage carpooling through ini-
tiatives such as preferred parking areas for
high-occupancy vehicles (HOV) and the
climination of parking subsidies for non-
carpool vehicles. Explore the possibility
of sharing facilities with other groups for
parking, shuttles and bike paths. Install
an adequate number of easy-to-use refu-
eling stations for alternative fuel vehicles.
For residential buildings, consider estab-
lishing carsharing programs.

Technologies

A variety of bicycle rack and locker prod-
ucts are currently available. The appro-
priate type and number of bicycle facili-
ties depends on the number of bicyclists
and the climate of the region.

The U.S. DOE defines alternative fuels
as those that are substantially non-petro-
leum and yield energy security and envi-
ronmental benefits. DOE recognizes the
following as alternative fuels: methanol
and denatured ethanol as alcohol fuels
(alcohol mixtures thar contain no less than
70% of the alcohol fuel), natural gas
(compressed or liquefied), liquefied pe-
troleum gas, hydrogen, fuels derived from
biological materials, and electricity (in-
cluding solar energy). Efficient gas-clec-
tric hybrid vehicles are included in this
group for LEED purposes.

Electric vehicles (EVs) require a recepracle
specifically designed for this purpose, usu-
ally 240 volts. EVs with conventional
lead-acid batteries require recharging af-
ter 50 miles. Refueling stations for natu-
ral gas vehicles have compressors and dis-
pensers that deliver compressed natural

gas (CNG) at about 3,000 psi.




Synergies and Trade-Offs

"Transportation planning is affected by site
selection and has a significant impact on
site design. A building site near transit
lines may have negative characteristics,
such as site contamination, poor air qual-
ity, unsafe conditions or problematic
drainage. Real estate costs may also be
higher in areas close to transit lines.

Provisions for carpooling and the use of
bicycles as a viable transportation mode
for building occupants reduce the need
for more parking spaces, thus reducing
the need for impervious surfaces and po-
tential water runoff problems. A reduc-
tion in hard surface parking areas could
also increase the amount of open space
on the site while reducing heat island ef-
fects and stormwater runoff volumes.

Shower and changing facilities can add
to the building’s footprint or decrease
other usable building space. These facili-
ties also increase water and material us-
age. While alternative fuel vehicles have
lower impacts on the environment than
conventional vehicles, they require energy
and materials to produce, as well as land
area for storage and mobility. Alrerna-
tive fuel refueling stations require energy
for operation as well as commissioning
and measurement and verification atten-
tion.

Space allocation and installation of refu-
eling stations may not be cost-etfective
without enough vehicles that require re-
fueling at such stations. Building space
may come at a premium, especially in
projects rehabilirating existing buildings.
Investigate the possibility of sharing fa-
cilities with other parmers and businesses.

Calculations

The following calculation methodology
is used to support the credit submittals.

Mass Transit

Use an area drawing to indicate mass tran-
sit stops within 1/2 mile of the project.

Remember that the project is required to
be within 1/2 mile of a commuter rail,
light rail or subway station or within 1/4
mile of two or more bus lines. Figure 1
shows two bus lines within 1/4 mile of
the project location. The map includes a
scale bar and a north indicator.

If private shuttle buses will be used to
meet the requirements, they must con-
nect to public transit and operate at least
during the most frequent commuring
hours.

Bicycle-Securing Apparatus and
Changing/Showering Facilities

To determine the number of secure bi-
cycle spaces and changing/showering fa-
cilities required for the building, follow
the calculation methodology as follows:

1. Identify the total number of full-time
and part-time building occupants.

2. Calculate the Full-Time Equivalent
(FTE) building occupants based on a
standard eight-hour workday. A full-time
worker has an FTE value of 1.0 while a
half-time worker has a FTE value of 0.5
(sce Equation 1).

3. Tortal the FTE values for each shift to
obrain the total number of FTE building
occupants. In buildings that house com-
panies utilizing multiple shifts, select the
shift with the greatest number of FTE
building occupants.

4. The minimum number of secure bi-
cycle spaces required is equal to 5% of
the FTE building occupants during the
maximum shift (see Equation 2). Secure
bicycle spaces include bicycle racks, lock-
ers and storage rooms. These spaces must
be easily accessible by building occupants
during all periods of the year, and free of
charge.

5. The required number of changing and
showering facilities for non-residential
buildings is based on the number of bi-
cycling occupants. A minimum of one
shower for every eight bicycling occupants

WE|EA|MR]EQ] ID
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Figure 1: Sample Area Drawing

pared by Faladino Consulting LLC

is required to earn this point. (This num-
ber is based on recommended showering
facilities for institutional spaces). Show-
ering facilities can be unit showers or
group showering facilities (see Equation
3). This calculation is not necessary for
residential buildings.

For example, a building houses a com-
pany with two shifts. The first shift in-
cludes 240 full-time workers and 90 half-
time workers. The second shift includes
110 full-time workers and 60 part-time
workers. Calculations to determine the

Equation 1:
Worker Hours [hours]
8 [hours]

FTE =

| . i -

— S e —

i

total FTE building occupants for each
shift are included in Table 1.

The firse shift is used for determining the
number of bicycling occupants because
it has the greatest FT'E building occupant
total. Based on a total of 285 FTE build-
ing occupants, the estimated number of
bicycling occupants is 15. Thus, 15 se-
cure bicycle spaces are required for this
example. The required number of chang-
ing and showering faciliries is one facility
for every eight bicycling occupants. Thus,
total number of required showering fa-
cilities in this example is two. More show-
ers may be necessary for the building
based on the number of actual bicycling
OCCUPa_ﬂtS.



Table 1: Sample FTE Calculation

Full-Tirme

WE|EA [MR|EQ| ID
| Credit 4

Shitt Bl Part-Time  Full-Time Equivalent
-- ‘Occupants Occtipants (FTE) Occupants
3 Oceupanis:  [hi].  Odctipants 1hi : Cigetipants|
First Shift 240 8 80 4 285
Second Shift 110 8 60 4 140
Alternative Fuel Refueling Stations Carpool Spaces

To calculate the number of vehicles re-
quired to be serviced by alternative fuel
. refueling stations, multiply the total num-
ber of vehicle parking spaces by 3% (see
Equation 4).
In the example above, the building has a
parking area with 250 parking spaces.
Therefore, alternative fuel refucling sra-
tions are required to service 3% of the
250 parking spaces, or cight vehicles. The
required number of refueling stations de-
pends on the number of vehicles (eight,
in this case) and the service limits of the
station (the time necessary for each com-
plete refueling multiplied by the number
of AFVs defined by Equation 4) in com-
bination with the station’s operating
hours (i.e., if all vehicles are refueled
within a short timeframe, or an eight-
hour day, or nonstop).

To calculate the number of carpool spaces
required, multiply the number of FTE build-
ing occupants during the maximum shift (see
the bicycle calculations above) by 5% and
divide by two occupants per vehicle (see
Equation 5). In the example above, a total
of 285 FTE building occupants requires a
minimum of eight carpool spaces.

Resources

Web Sites

Advanced Transportation Technology

Institute

www.ctvi.org, (423) 622-3884

A nonprofit organization that advances
clean rransportation technologies through
research, education and technology trans-
fer in order to promote a healthy envi-
ronment and energy independence.

Equalion 2:

Secure Bicycle Spaces _ FTE Building x 5%
(non-residential buildings) ~  Occupants =i
Secure Bicycle Spaces  FTE Building x 15%
(residential buildings) ~  Occupants i
Equalion 3:

Showering Facilities

Bicyling Spaces

(non-residential buildings) ~ 3
Equation 4: )
Minimum Vehicle _ Total Parking % 3%
Refueling Capacity Spaces ¥
Equation 5:

Required Number of

_ FTE Building Occupants x 5%

Carpool Spaces

2
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Alternative Fuels Data Center
www.afdc.doe.gov, (800) 423-1363

A section of the DOE Office of Transpor-
tation Technologies that has information on
alternative fuels and alternative fuel vehicles,
a locartor for alternative refueling stations,
and other related information.

Electric Auto Association
WWW.EA4EV.0rg

nonprofit education organization that
A nonprofit ed o tl
promotes the advancement and widespread
adoption of electric vehicles.

Electric Vehicle Association of the
Americas

www.evaa.org, (202) 508-5924

An industry association that promotes
clectric vehicles through policy, informa-
tion and market development initiatives.
EV World

www.evworld.com

A Web site with current events, product
reviews and other information related to
electric vehicles.

Natural Gas Vehicle Association
www.ngvc.org, (202) 824-7360

An organization consisting of natural gas
companies, vehicle and equipment manu-
facturers, service providers, environmen-
tal groups, and government organizations
to promote the use of natural gas for trans-
portation.

Print Media
Alternative Fuels: Technology & Devel-

opments, Society of Automotive Engi-
neers, 1997,

Definitions

Alternative Fuel Vehicles are vehicles that
use low-polluting, non-gasoline fuels such
as electricity, hydrogen, propane or com-
pressed narural gas, liquid natural gas,
methanol, and ethanol. Efficient gas-elec-
tric hybrid vehicles are included in this
group for LEED purposes.

A Carpool is an arrangement in which
two or more people share a vehicle for
transportaton.

Mass Transit includes transporration fa-
cilities designed to transport large groups
of persons in a single vehicle such as buses
or trains.

Public Transportation is bus, rail or
other transportation service for the gen-

eral public on a regular, continual basis
that is publicly or privately owned.




Case Study

PNC Firstside Center
Pittsburgh, Pennsylvania

The PNC Firstside Center is a LEED™ Silver Project that func-
tions as a banking facility. To assess transportation planning is-
sues, the project team polled furure building occupants to deter-
mine the percentage of occupants who would use personal ve-
hicles, carpools, mass transportation, and other forms of trans-
portation such as bicycles and walking. The owner used data
from the poll to influence the local transit authority to construct
a future mass transit stop adjacent to the building. Until the
transit stop is in operation, building occupants are utilizing 11
bus routes located within _ mile of the building. The site is
located adjacent to a city bikeway and the building has bicycle
racks to accommodate 60 bicycles, as well as showering and chang-
ing facilities. Eight electric vehicle recharging stations have been
installed for building occupants using personal vehicles. Finally,
the owner reached agreement with the local parking authority to
share a portion ofa public 1200-space multilevel parking facility
located across the street.

WE|EA [MR[EQ| ID
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Protect or Restore Open Space )
1 point

Intent

Conserve existing natural areas and restore damaged areas to provide habitat and pro-
mote biodiversity.

Requirements

On greenfield sites, limit site disturbance including carthwork and clearing of vegeta-
tion to 40 feet beyond the building perimeter, 5 feet beyond primary roadway curbs,
walleways and main udility branch trenches, and 25 feer beyond constructed areas with
permeable surfaces (such as pervious paving areas, stormwater detention facilities and
playing fields) that require additional staging areas in order to limit compaction in the
constructed area; OR; on previously developed sites, restore a minimum of 50% of the
site area (excluding the building footprint) by replacing impervious surfaces with na-
tive or adapted vegetation.

Submittals

I For greenficld sites: provide the LEED Letter Template, signed by the civil engi-
neer or responsible party, demonstrating and declaring that site disturbance (in-
cluding earthwork and clearing of vegetation) has been limited to 40 feet beyond
the building perimeter, 5 feet beyond primary roadway curbs, walk ways and main
utility branch trenches, and 25 feet beyond constructed areas with permeable sur-
faces. Provide site drawings and specifications highlighting limits of construction
disturbance.

OR

- For previously developed sites: provide a LEED Letter Template, signed by the
civil engineer or responsible party, declaring and describing restoration of degraded
habitarareas. Include highlighted site drawings with area calculations demonstrat-
ing that 50% of the site area that does not fall within the building footprint has
been restored.
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Reduced Site Disturbance

Development Footprint

Intent

Conserve existing natural areas and restore damaged areas to provide habirac and pro-
mote biodiversity.

Requirements

Reduce the development footprint (defined as entire building footprint, access roads
and parking) to exceed the local zoning’s open space requirement for the site by 25%.
For areas with no local zoning requirements (e.g., some university campuses and mili-
tary bases), designate open space area adjacent to the building that is equal to the
development footprint.

Submittals

d Provide a copy of the local zoning requirements highlighting the criteria for open
space. Provide the LEED Letter Template, signed by the civil engineer or respon-
sible party, demonstrating and declaring that the open space exceeds the local
zoning open space requirement for the site by 25%.

(4 For arcas with no local zoning requirements (e.g., some university campuses and
military bases), designate open space area adjacent to the building that is equal to
the development footprint. Provide a letter from the property owner stating that
the open space will be conserved for the life of the building.

Summary of Referenced Standard

There is no standard referenced for this credir.




Green Building Concerns

Development of greenfield or undevel-
oped areas disturbs and destroys wildlife
and plant habitar as well as wildlife corri-
dors that allow animal migration. As ani-
mals are pushed our of existing habirat,
they become increasingly crowded into
smaller spaces. Fventually, their popula-
tion exceeds the carrying capacity of these
spaces and they begin to invade surround-
ing developments or perish due to over-
population. Overall biodiversity, as well
as individual plant and animal species,
may be threatened by reduction of habi-
tat areas. Minimizing site disturbance
reduces habitat destruction.

Environmental Issues

The construction process is often dam-
aging to site ecology, indigenous plants
and regional animal populatons. Eco-
logical site damage can be avoided or
minimized by limiting the extent of con-
struction activities to certain areas on the
site and by restricting the development
footprint to the greatest extent possible.
Protection of open space and sensitive ar-
cas through the use of strict boundaries
reduces damage to the site ecology, result-
ing in preservation of wildlife corridors
and habitat.

Economic Issues

Preserving topsoil, plants and trees on the
site can reduce landscaping costs for the
building and increase property values. In-
digenous plantings often require less main-
renance than exotic plantings and minimize
inputs of feralizers, pesticides, and water,
reducing maintenance costs over the build-
ing lifetime. In some cases, trees and veg-
etation developed as specimens off-site are
costly to purchase and may not survive
transplanting, Purchasing and installing
new plants can add to project cost. Saving
existing site vegetation to replant after con-
struction is complete may be a more cost-
effective strategy.

Reducing the footprint of a structure on
a given site can have varying economic
impacts. Buildinga vertical strucrure with
the same square footage as a horizontal
structure may add a small percentage to
first costs depending on building size and
use. A structure with a smaller footprint
is generally more resource-efficient, result-
ing in reduced material and energy costs.
A more compact building with coordi-
nated infrastructure can reduce inicial
project costs, as well as operations and
maintenance costs. Reduced earthwork,
shorter utility lines, and reduced surface
parking and paved areas all can reduce ini-
tial project costs. Compact paving areas
and buildings reduce operations and
Mainenance costs.

Design Approach

Strategies

Design a master plan for the project area,
survey existing ecosystems and identify
soil types on the site. Document existing
water elements, soil conditions, ecosys-
rems, wildlife corridors, trees and other
vegetation, and map all potential narural
hazards. Consider the impacts of the pro-
posed development on existing natural
and built systems and propose strategies
o mitigate negative impacts.

Choose a building footprint and location
that minimize disturbance to the existing
ecosystem. Consider issues such as build-
ing orientation, daylighting, heav island
effects, stormwater generation, significant
vegetation and other sustainable building
issues. Once the site and building loca-
rion have been determined, design and
construct a compact parking, road and
building footprint layout in order to pre-
serve open land. Reduce footprints by
tightening program needs and stacking
floor plans.

Encourage preservation, conservation and
restoration of existing natural site ameni-
ties. Where appropriate, build on parts
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of the site char are already degraded so as
not to degrade undisturbed areas. Restore
the native landscape of the site by pre-
serving and planting native species to re-
establish predevelopment site conditions.
Restoration efforts will vary depending on
the particular project site.

Volunteer efforts can reduce the cost of
saving existing trees and plants. For ex-
ample, a volunteer “plant rescue” effort
was organized on the site of the new EPA
complex in Research Triangle Park, North
Carolina. Assisted by the neighboring
National Institures for Environmental
Health Sciences and the North Carolina
Botanical Gardens at Chapel Hill, this
effort saved more than 2,000 plants that
were transplanted elsewhere on the site
or sent to other locations. A variety of
local plant amnesty organizations exist
that can help with plant and tree preser-
vation and relocarion.

During the construction process, estab-
lish clearly marked construction and dis-
turbance boundaries and note these site
protection requirements in construction
documents. Delineate lay down, recycling
and disposal areas, and use paved areas
for staging acrivities. Erect construction
fencing around the drip line of existing
trees to protect them from damage and
soil compaction by construction vehicles.
Establish contractual penalties if destrue-
tion of protected areas outside of the con-
struction boundaries occurs. Coordinate
infrastructure construction to minimize
the disruption of the site and work with
existing topography to limit cut-and-fill
efforts for the project.

For achievement of Credit 5.2 in arcas
with no established zoning requirements
for open space, a project must show that
an open space area equal to the building
footprint has been established adjacent to

the building.

Synergies and Trade-Offs

Balancing the vertcality of a structure
with open space requirements can be a
challenging exercise. For instance, shad-
ing from rall structures may change the
environmental character of the open
space, and these structures may be intimi-
daring and unwelcoming to building oc-
cupants. Furthermore, large expanses of
open space may be a barrier to public
transportation access. Conversely, retain-
ing a high proportion of open space veg-
etation reduces scormwater runoff vol-
umes and natural features may be avail-
able for wastewater or stormwater treat-
ment. Preservation of certain trees may
reduce passive solar gains. Check the sit-
ing of the structure to optimize solar op-
portunities and to preserve the most sig-
nificant trees. Additional vegetation can
assist with cooling breezes and noise re-
duction, and enhance the site air quality.

The site location and site design have a
significant effect on open space and re-
duced habitar disturbance. Hear island
effects, stormwater generation, and light
pollution should all be considered when
determining the site design. The land-
scape design and irrigation scheme is in-
umately tied with the site design and open
space allotted. In addition, water reuse
and Uﬂ'—SitC wastewater treatment scrate-
gies have an effect on non-building spaces.
Renewable energy technologies such as
wind turbines and biomass generation
require site space. Rehabilitation of ex-
isting buildings may dictate the amount
of open space available. Construction
waste management schemes may en-
croach on natural areas for storage of
building wastes earmarked for recycling.




Resources

Web Sites
North American Native Plant Society
www.nanps.org, (416) 631-4438

A nonprofit association dedicated to the
study, conservation, cultivation and res-
toration of native plants. Contains links
to state/provincial associations.

Soil and Water Conservation Society
www.swes.org, (315) 289-2331

An organization focused on fostering the
science and art of sustainable soil, warter
and related natural resource management.

Print Media

Beyond Preservation: Restoring and In-
venting Landscapes by A. Dwight
Baldwin et al., University of Minnesota
Press, 1994,

Design for Human Ecosystems: Land-
scape, Land Use, and Natural Resources
by John Tillman Lyle and Joan Wood-
ward, Milldale Press, 1999.

Landscape Restoration Handbook by
Deonald Harker, Lewis Publishers, 1999,

Definitions

The Building Footprint is the area on a
project site that is used by the building
structure and is defined by the perimeter
of the building plan. Parking lots, land-
scapes and other non-building facilities
are not included in the building footprint.
The Development Footprint is the area
on the project site that has been impacted
by any development activity. Hardscape,

access roads, parking lots, non-building

facilities and building struceure are all in-
cluded in the development footprint.
A Greenfield is defined as undeveloped

land or land that has not been impacted
by human activity.

Local Zoning Requirements are local
government regulations imposed to pro-
mote orderly development of private lands
and to prevent land use conflicts.

Native/Adapted Plants are those that are
indigenous to a locality or have adapred
to the local climate and are not invasive.
Such plants do not require irrigation or

ferrilization once root systems are estab-
lished in the soil.

Open Space Area is the property area mi-
nus the development footprint. Open
space must be vegetated and pervious,
thus providing habitat and other ecologi-
cal services.
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Case Study

Kandalama Hotel
Colombo, Sri Lanka

The Kandalama Hotel, a LEED™ Bronze Pilot Project, isa 162-
bedroom resort hotel located on a picturesque site with dense
vegetation. The project site is an excellent example of how a
sensitive natural site can be thoughtfully developed to protect
the existing natural attributes. The design team chose to capital-
ize on the natural amenities of the site by minimizing construc-
tion extents and the overall building footprint. As a result, the
total built area is only 10% of the total 55-acre site. Special ef-
forts were made during construction to retain native vegetation
and nestle the horel into the existing lush trees and plants to pro-
vide shading for the guest rooms, restaurants and garden areas. A
survey of the density and distribution of flora was used to docu-
ment the existing site characteristics and the building design was

altered to preserve existing trees and the natural topography of

the site. Stilts and columns were used to elevate the buildings
above existing natural features such as boulders and to reduce

cur-and-fill needs.

U.S. Green Building Council
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Stormwater Management

Rate and Quantity

Intent

Limit disruption and pollution of natural water flows by managing stormwater runoff.

Requirements

[F existing imperviousness is less than or equal to 50%, implement a scormwater man-
agement plan that prevents the post-development 1.5 year, 24 hour peak discharge rate
from exceeding the pre-development 1.5 year, 24 hour peak discharge rate.

OR
If existing imperviousness is greater than 50%, implement a stormwater management
plan thar results in a 25% decrease in the rate and quantiry of stormwarer runoff.

Submittals

I Provide the LEED Letter Template, signed by the civil engineer or responsible
party, declaring that the post-development 1.5 year, 24 hour peak discharge rate
does not exceed the pre-development 1.5 year 24 hour peak discharge rate. In-
clude calculations demonstrating that existing site imperviousness is less than or
equal to 50%.

OR

O Provide the LEED Letter Template, signed by the ciyil engineer or responsible
party, declaring and demonstrating that the stormwarer management strategies
result in at least 2 25% decrease in the rate and quantity of stormwater runoff.
Include caleulations demonstraring that existing site imperviousness exceeds 50%.

WE|EA[MRIEQ] 1D
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_Stormwater Management

Treatment

Intent

Limit disruption of natural water flows by eliminating stormwater runoff, increasing
on-site infileration and eliminating contaminants.

Requirements

Construcr site stormwater treatment systems designed to remove 80% of the average
annual post-development rotal suspended solids (TSS) and 40% of the average annual
post-development total phosphorous (TP) based on the average annual loadings from
all stcorms less than or equal to the 2-year/24-hour storm. Do so by implementing Best
Management Practices (BMPs) outlined in Chapter 4, Part 2 (Urban Runoff), of the
United States Environmenrtal Protection Agency’s (EPAs) Guidance Specifying Man-
agement Measures for Sources of Nonpoint Pollution in Coastal Wiers. January 1993
(Document No. EPA-840-B-92-002) or the local government's BMP document (which-
ever is more stringent).

Submittals

I Provide the LEED Letter Template, signed by the civil engineer or responsible
party, declaring that the design complies with or exceeds EPA or local government
Best Managemenr Practices (whichever set is more stringent) for removal of total
suspended solids and rotal phosphorous.

Summary of Referenced Standard

Guidance Specifying Management Measures for Sources of Non-Point Pollution
in Coastal Waters, January 1993 (Document No. EPA 840B92002)

Internet location: www.epa.gov/owow/nps/ MMGI

Hardecopy or microfiche (entire document, 836 pages): National Technical Informa-
tion Service (order # PB93-234672), www.ntis.gov, (800) 553-6847

U.S. Environmental Protection Agency Office of Water, www.epa.gov/OW

This document discusses a variety of management practices that can be incorporated
to remove pollutants from stormwater volumes. Chapter 4, Parc Il addresses urban
runoff and suggests a variery of strategies for treating and infiltrating stormwarer vol-
umes after construction is completed. See the Resources section later in this credit for
a summary of best management practices listed in the EPA document.



Green Building Concerns

The volume of stormwater generated
from a site depends on the impervious
surface area. In natural settings, the ma-
jority of precipitation infiltrates into the
ground while a small portion runs off on
the surface and into receiving waters. This
surface runoff water is classified as
stormwarter l_l_lDDlCE AS areas are con-
structed and urbanized, surface perme-
ability is reduced, resulting in increased
stormwater runoff volumes that are trans-
ported via urban infrastructure (e.g., gut-
ters, pipes and sewers) to receiving wa-
rers. ThCSC stormwater VD]UmCS Cﬂﬂ[ﬂ.iﬂ
sediment and other contaminants that
have a negative impact on water quality,
navigation and recreation. Furthermore,
Conveyﬂllc.ﬂ ﬂnd trearment O.F stormwarter
volumes requires significant municipal in-
frastructure and maintenance.

Reducing the generation of stormwater
volumes maintains the natural aquifer
recharge cycle. In addition, stormwater
volumes do not have to be conveyed to
receiving waters by the municipality, and
receiving waters are not impacted.

Environmental Issues

Reduction and treatment of runoff vol-
umes decrease or eliminate contaminants
that pollute receiving water bodies. For
instance, parking areas contribute to
stormwater runoff that is contaminared
with oil, fuel, lubricants, combustion by-
products, material from tire wear, and de-
icing salts. Minimizing the need for
stormwater infrastrucrure also reduces
construction impacts and the overall eco-
logical “footprint” of the building. Finally,
infiltration of stormwater on-site can re-
charge local aquifers, mimicking the natu-
ral water cycle.

Economic Issues

If natural drainage systems are designed
and implemented at the beginning of site
planning, they can be integrated economi-
cally into the overall development. Wa-
rer detention and retention features re-
quire cost for design, installation and
maintenance. However, these features can
also add significant value as sice ameni-
ties it planned early in the design. Water
features may pose safety and liability prob-
lems, especially in locarions where young
children are playing outdoors. The use
of infileration devices such as pervious
paving may reduce water runoff collec-
tion SYStem Costs.

Community Issues

Stormwater volume reduction leads to
improved watershed quality that benefits
the community through improved water
quality, navigation and recreation acriyi-
rics. Reduced stormwater collection and
treatment systems lessen the burden on
municipalities for maintenance and repair,
resulting in a more affordable and stable
rax base.

Design Approach

Strategies
The most effective method to minimize
stormwater runoff volume is to reduce the

amount of impervious area. By reducing

impervious area, stormwater infrastruc-
rure can be minimized or delered from
the project. To minimize impervious sur-
faces and to encourage the natural pro-
cesses of evaporation and infiltration, con-
sider such methods as designing a smaller
building footprint, installing green roofs
and paving with pervious materials.

Caprure stormwater from impervious ar-
eas to reuse within the building.

Stormwater harvesting from roofs and
hardscapes can be used for non-porable

B we[eA MR[EQ[ID
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Credit Synergies

SS Prerequisite 1
Frosion & Sedimentation
Control

SS Credit 1

Site Selection

$S Credit 2

Urban Redevelopment
SS Credit 3

Rrownfieled
Redevelopment
SS Credit 4
Alternative
Transportalion
SS Credit 5

Reduced Site
Disturhance

SS Credit 7
Landscape & Exterior
Design to Reduce
Heat lslands

WE Credit 1

Walter Elficient
Landscaping

WE Credil 2
Innovative Wastewater
Treatment

WE Credit 3

Water Use Reduction

MR Credil 1
Building Reuse
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Table 1: Typical Runofl Cocflicients

Surface Type

Pavement, Asphalt

' Pavement, Concrete
Pavement, Brick
Pavement, Gravel
Roofs, Conventional
Roof, Garden Roof (< 4 in)
Roof, Garden Roof (4 - 8 in)
Roof, Garden Roof (9 - 20 in)
Roof, Garden Roof (> 20 in)

uses such as sewage conveyance, fire sup-
pression and industrial applications.

For stormwater volumes thar must be

«conveyed from the site to a receiving wa-

ter body, design treatment pracrices to
match the needs of the location and the
specific drainage area. Design stormwater
facilities to remove contaminants and re-
lease the volumes to local water bodies.
Utilize biologically based and innovative
stormwater management features for pol-
lurant load reduction such as conscructed
wetlands, stormwater filtering systems,
bioswales, bioretention basins, and veg-
etated filter strips. Use vegetated buffers
around parking lots to remove runoff
pollutants such as oil and grit. Specify
and install water quality structures for
pretreatment of runoff from surface park-
ing areas. Do not disturb existing wet-
lands or riparian buffers when construce-
ing ponds at the lowest elevations of a site.
Design stormwater runoff to flow into
vegetated swales rather than into struc-
tured pipes for conveyance to water qual-
ity pends. Swales provide filcration for
stormwater volumes and require less
maintenance than  constructed
stormwater features. Install sequences of
ponds whenever possible for more com-
plete water treatment.

In some cases, such as heavily wooded sites
where larger ponds are nor feasible, dis-
tribute smaller bioretention areas that use

_ Runoff
“Coefficient:

Surface Type

Turf, Flat (0 - 1% slope)

subsurface compost and plantings to ac-
celerate the filtering of contaminants
around the site, instead of using one large
pool. To moderate water runoff along
drainage paths, construct water ponds to
temporarily store stormwater Hows.
These ponds also improve water qualiry
through settling and biodegradation of
pollutants.

Technologies

Clustering or concentrating developments
to reduce the amount of paved surfaces
such as roads, parking lots and sidewalks
minimizes impervious surfaces. Widths
and lengths of roads, parking lots and
sidewalks can also be minimized. For in-
stance, turning lanes in roads can be re-
moved to minimize the width of the paved
surface. This requires the sharing of trav-
eling and turning lanes.

Garden roofs or green roofs are vegerared
surfaces that capture rainwater and return
a portion of it back to the atmosphere via
evapotranspiration. They consist of a
layer of plants and soil, a cup layer for
collection and temporary storage of
stormwater, and a syntheric liner to pro-
tect the top of the building from
stormwater infiltration. Garden roofsalso
provide insulating benefits and aesthetic
appeal. Some garden roofs require plant
maintenance and are considered active
gardens while other garden roofs have

 Runoff
_Coefiicient

0.95 0.25
0.85 Turf, Average (1 - 3% slope) 0.35
0.85 Turf, Hilly (3 - 10% slope) 0.40
0.75 Turf, Steep (> 10% slope) 0.45
0.85 Vegetation, Flat (0 - 1% slope) 0.10
0.50 Vegetation, Average (1 - 3% slope) 0.20
0.30 Vegetation, Hilly (3 - 10% slope) 0.25
0.20 Vegetation, Steep (> 10% slope) 0.30
0.10

U.S. Green Building Council
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grasses and plants that require no main-
tenance or watering. All types of garden
roofs require semiannual inspection but
are estimated to have a longer lifetime and
require less maintenance than conven-
tional roofs.

Pervious paving systems reduce
stormwater runoff by allowing precipita-
tion to infilcrate the undersurface through
voids in the paving matetial. These sys-
tems can be applied to pedestrian traffic
surfaces as well as low-vehicle traffic ar-
eas such as parking spaces, fire lanes, and
maintenance roads. Use pervious paving
marterials such as poured asphalt or con-
crete with incorporated air spaces or use
concrete unit paving systems with large
voids that allow grass or other vegetation
to grow berween the voids.

Pervious paving has several options, in-
cluding systems thart use grass and a plas-
tic grid system (90% pervious), concrete
grids with grass (40% pervious), and con-
crete grids with gravel (10% pervious).
Pervious paving requires differenc main-
tenarnce procedures than impervious pave-
ment. With some systems, vacuum
sweeping is necessary to prevent the voids
from clogging with sediment, dirt and
mud. Systems that use vegetation, such
as grass planted in a plastic matrix over
gravel, may require mowing like conven-
tional lawns. Snow removal from pervi-
ous paving requires more care than from
conventional paving. Check existing
codes relating to the use of pervious sur-
faces for roadways.

To carn the second portion of this credit,
stormwater volumes leaving the site must
pass through a stormwater treatment sys-
tem that removes toral suspended solids
and phosphorous to the required levels.

Packaged stormwarer treatment systems
can also be installed to treat stormwater
volumes. These systems usc filters to re-
move contaminants and can be sized for
various stormwater volumes.

Synergies and Trade-Offs

Stormwater runoft is affected significantly
by site selection and site design, especially
transportation amenity design. It may be
possible to reuse stormwater for
nonpotable water purposes such as flush-
ing urinals and toilets, custodial applica-
tions, and building equipment uses. Re-
habilitation of an existing building may
affect stormwater reduction efforts if large
impervious surfaces already exist.

[tis helpful to perform a water balance to
determine the estimated volumes of wa-
ter available for reuse. Stormwater run-
off volumes can also be reduced by de-
signing the building with underground
parking, a strategy that also reduces heat
island effects. Pervious paving systems
usually have a limit on transportation
loads and may pose problems for wheel-
chair accessibility and stroller mobility. Tf
stormwater volumes are treated on site,
additional site area may need to be dis-
turbed to construct treatment ponds or
underground facilities. Application of
garden roofs reduces stormwater volumes
that may be intended for collection and
reuse for non-potable applications.

Calculations for Credit 6.1

The following calculation methodology
is used to support the credit submirrals
listed on the first page of this credir.
Stormwater runoff volumes are affected
by surface characteristics on the site as well
as rainfall intensity over a specified time
period. To simplify stormwater calcula-
tions, consider only the surface charac-
teristics of the project site. Stormwater
volumes generated are directly related to
the net imperviousness of the project site.
By reducing the amount of impervious
surface on the site, stormwater volumes
are reduced.

The calculation methodology to estimate
the imperviousness of the projece site is
as follows:

WE| EA [MR[EQ[ D
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1. Identify the different surface types on
the site: roofareas, paved areas (e.g., roads
and sidewalks), landscaped areas, and
other areas.

2. Calculate the total area for each of these

surface types using site drawings. Use
Table 1 to assign a runoff coefAicient to
each surface type, Ifa surface type is not
included in the eable, use a “best estimate”
or manufacturer informarion. For in-
stance, if peryious paving is used, consult
the manufacturer to determine the im-
perviousness or percentage of the surface
that does nor allow infiltration.

3. Create a spreadsheet to summarize the
area and runoff coefficient for each sur-
face type. Multiply the runoff coefficient
by the area ro obtain an impervious area
for each surface type. This figure repre-
sents the square footage of each surface
area that is 100% impervious (sec Equa-
tion 1).

Table 2: Design Case Imperviousness

Surface Type

4. Add the impervious areas for each sur-
face type to obrain a total impervious area
for rthe sire.

5. Divide the total impervious area by the
total site area to obrain the impervious-
ness of the sire (see Equation 2).

Credit requirements state that for sites
with imperviousness less than or equal to
509%, irﬁpewioumcss Must Not increase
from predevelopment to post-develop-
ment conditions. For previously devel-
_oped sites with imperviousness grearer
than 50%, imperviousness must be re-
duced by 25% from predevelopment to
post-development conditions.

The following example deseribes the cal-
culation method for site imperviousness.
The example projecr is an office renova-
tion and site improvements to an exist-
ing concrete parking lot of average slope.
Surface types include sidewalks, parking
areas, landscaping and the roof. The roof

‘Runoff
Coefficient

Impervious.
Area

isFl.

Pavement, Asphalt 0.95 5,075 4,821

Pavement, Pervious 0.60 1,345 807

Roof, Garden Roof (4 - 8in) 0.30 8,240 2472

Vegetation, Average (1 -3% slope) 0.20 4,506 901
TOTAL AREA 14,660

TOTAL IMPERVIOUS AREA 8,100

IMPERVIOUSNESS 55%

Table 3: Baseline Case Impeviousness

Area
SFL 56

'Rupoff Araa

Coefficient

Pavement, Concrete 0.95 19.166 18,208
TOTAL AREA 19,166

TOTAL IMPERVIOUS AREA 18,208

IMPERVIOUSNESS 95%




Equation 1:

Impervious

Area Area

Equalion 2:

[SF] = Surface [SF] x

Runoff
Coefficient

Total Pervious Area [SF]

Imperviousness [%] =

Total Site Area [SF]

area is assumed to be equal to the build-
ing footprint as determined from site
drawings. Table 2 shows calculations for
the design case.

To reduce imperviousness, concrete side-
walks and asphalt parking lots can be sub-
stituted with pervious paving and vegera-
tion in some areas. The building foor-
print is reduced and garden roofs are ap-
plied to reduce roof runoff.

Next, calcularions are done for the
baseline case or the existing site condi-
tions (see Table 3). The original use of
the site was for parking and, thus, the
entire site was paved with conerete pave-
ment.

The calculations demonstrate that the
design case has an imperviousness of 47%
and the baseline case has an impervious-
ness of 95%—a 50% reduction that ex-
ceeds the 25% required, thus earning one
point.

Calculations for Credit 6.2

In most cases where projects choose to
utilize standard EPA or local BMPs, no
calculations are required to demonstrare
compliance with the requirements of
Credit 6.2. In instances where designs
far different than accepted BMPs have
been developed and implemented, the
LEED Letter Template along with de-
tailed enginecring calculations may be
required to demonstrate the TSS and
phosphorus reductions that will be
achieved.

Resources for Credit 6.2

Below is a summary of stormwater best
management practices from the EPA’s
Guidance Specifying Management
Measures for Sources ofNon-point Pol-
lution in Coastal Waters. For more in-
formation abour this document, see Sum-
mary of Referenced Standard earlier in
this credir.

Infiltration Basins and Trenches are de-
vices used to encourage subsurface infil-
tration of runoff velumes through tem-
porary surface storage. Basins are ponds
that can store large volumes of
stormwarer. They need to drain within
72 hours to maintain acrobic conditions
and to be available for the next storm
event. Trenches are similarto infiltration
basins except that they are shallower and
function as a subsurface reservoir for
stormwater volumes. Pretreatment to re-
move sediment and oil may be necessary
to avoid clogging of infileration devices.
Infileration trenches are more common in
areas where infiltration basing are not
possible.

Porous Pavement and Permeable Sur-
faces are used to creare permeable surfaces
that allow runoffro infilrrate into the sub-
surface. These surfaces are typically main-
tained with a vacuuming regime to avoid
potential clogging and failure problems.

Vegetated Filter Strips and Grassed
Swales utilize vegetation to filter sediment
and pollutants from stormwater. Strips
are approptiate for treating low-velocity
surface sheet flows in areas where runoff
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is not concentrated. They are often used
as pretreatment for other stormwarter
measures such as infiltration basins and
trenches.  Swales consist of a trench or
ditch with vegetation and require occa-
sional mowing. They also encourage sub-
surface infiltration, similar to infiltration
basins and trenches.

Filtration Basins remove sediment and

pollutants from stormwater runoff using

a filer media such as sand or gravel. A
sediment trap is usually included to re-
move sediment from stormwater before
filtering to avoid clogging,

Constructed Wetlands are engineered

systems that are designed to mimic naru-
ral wetland treatment properties. Ad-

Table 4: EPA Besl Managemenl Practices

Advantages

Disadvantages

vanced designs incorporate a wide vari-
ety of wetland trees, shrubs, and plants
while basic systems only include a lim-
ited number of vegetation types.

Detention Ponds caprure stormwater
runoff and allow pollutants to drop out
before release to a stormwater or water
body. A variety of detention pond de-
signs are available, with some urilizing
only gravity while others use mechanical
equipment such as pipes and pumps to
facilitate transport. Some ponds are dry
except during storm events; others per-
manently store water volumes.

Table 4 highlights the advantages, disad-
vanrages and removal efficiency rates for
the above stormwater control practices.

_Removal
Efficiency [%]

Requires permeable soils, high

7SS

_(r2q. 40%).
50 to 100

50 to 100

Infiltration Basins &  Provides groundwater recharge, high
Infiltration Trenches  removal efficiency, provides habitat potential for failure, requires.
maintenance

Porous Pavement Provides groundwater recharge, no Requires permeable soils, not 60 to 90 60 to 90
space requirement, high removal suitable for high-traffic areas, high
efficiency potential for failure, reguires

maintenance

Vegetated Filter Strips Low maintenance, good for low- Not appropriate for high-velocity 40 to 90 3010 80
velocity flows, provides habitat, flows, requires: periodic repair and
economical reconstruction

Grassy Swales Small land requirements, can replace  Low removal efficiency 20t040  20to 40
curb and gutter infrastructure,
economical

Filtration Basins Provides groundwater recharge, peak  Requires pretreatment to avoid 60 to 90 Oto 80
volume conirol clogging

Constructed Wetlands Good for large developments, peak Not economical for smeill 50 10 90 0to 80
volume control, high removal developments, requires maintenance,
efficiency, aesthetic value significant space requirements

Dry Ponds Peak flow control, less space and Space, maintenance, limited soil groups 70 to 90 10 to 60
cost vs. wet pond

Wet Ponds Peak flow control, prevents scour Space, cost, maintenance, limited 50 to 90 20 to 90

and resuspension soil groups

Source: EPA840B92002 Tables 4-5 and 4-7

U.S. Green Building Council S
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Other technologies may also satisfy the
credit’s performance requircments.

Definitions

A Constructed Wetland is an engincered
system designed to simulate natural wet-
land functions for water purification.
Constructed wetlands are essentially treat-
ment systems that remove contaminants
from wastewarers.

Impervious Surfaces promote runoff of
precipitation volumes instead of infiltration
into the subsurface. The imperviousness
or degree of runoff potential can be esti-
mated for different surface materials.

Stormwater Runoff consists of warer vol-
umes that are creared during precipitation

events and flow over surfaces into sewer

WE| EA [MR[EQ][ ID

systems or receiving waters. All precipi-
tation waters that leave project site bound-

Credit 6

aries on the surface are considered to be
stormwater runoff volumes.

Total Phosphorous (TP) consists of or-
ganically bound phosphates, poly-phos-
phates and orthophosphates in
stormwater, the majority of which origi-
nates from fertilizer application. Chemi-
cal precipitation is the typical removal
mechanism for phosphorous.

Total Suspended Solids (TSS) are par-
ticles or flocs that are too small or light to
be removed from stormwater via gravity
settling. Suspended solid concentrations
are typically removed via filtration.

Case Study

Philips Eco-Enterprise Center
Minneapolis, Minnesota

The Philli ps Eco-Enterprise Center is a mixed-use building that
houses environmental and energy efficiency organizations, con-
sultants and manufacturers. The landscape on the project site
was designed using xeriscape principles and requires no irriga-
tion volumes. The native prairie grasses and wildflowers survive
solely on precipitation. Stormwater that is not used by the plants
or infilerated into the subsurface is treated in a restored wetland
and enhanced bio-filtration system. The system removes oil and
sediment from stormwater and diverts 1.5 million gallons of run-
off from entering the municipal stormwater system annually. Fi-
nally, a 4,000-square-foot section of the roof was designed as a
garden roof to reduce stormwater runoff; provide superior insu-
lation; and create a natural area that building occupants may
enjoy.

Catitesy of Palading Consulting LG

Owner
The Green Institute
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Heat Island Effect Credit 7.1

Non-Roof _
1 point

Intent

Reduce heat islands (thermal gradient differences between developed and undeveloped
areas) to minimize impact on microclimate and human and wildlife habitat.

Requirements

Provide shade (within 5 years) and/or use light-colored/high-albedo materials (reflec-
tance of at least (.3) and/or open grid pavement for at least 30% of the site’s non-roof
impervious surfaces, including parking lots, walkways, plazas, etc.; OR place a mini-
mum of 50% of parking spaces underground or covered by structured parking; OR
use an open-grid pavement system (less than 50% impervious) for a minimum of 50%
of the parking lot area.

Submittals

1 Provide the LEED Letter Template, signed by the civil engineer or responsible
party, referencing the site plan to demonstrate areas of paving, landscaping (list
species) and building footprint, and declaring thar:

QA minimum of 30% of non-roof impervious surfaces areas are constructed
with high-albedo materials and/or open grid pavement and/or will be shaded
‘within five years

2 OR a minimum of 50% of parking spaces haye been placed underground or
are covered by structured parking

2 ORan open-grid pavement system (less than 50% impervious) has been used
for a minimum of 50% of the parking lot area:

_ LEED-NCVersion 2.1 Reference Guide
59




WE| EA |[MR[EQ| ID
Credit 7.2

1 point

U.S. Green Building Council
60

Heat Island Effect
Roof

Intent

Reduce heat islands (thermal gradient differences between developed and undeveloped
areas) to minimize impact on microclimate and human and wildlife habitar.

Requirements

Use Enercy STar” compliant (highly reflective) AND high emissivity roofing (emis-
sivity of at least 0.9 when tested in accordance with ASTM 408) for a minimum of
75% of the roof surface; OR install a “green” (vegetated) roof for at least 50% of the
roof area. Combinations of high albedo and vegetated roof can be used providing they
collectively cover 75% of the roof area.

Submittals

(1 Provide the LEED Letter Template, signed by the architect, civil engineer or re-
sponsible party, referencing the building plan and declaring thart the roofing mate-
rials comply with the EnirGy Star” Label requirements and have a minimum
emissivity of 0.9. Demonstrate that high-albedo and vegetated roof areas com-
bined constitute at least 75% of the total roof area.

OR

[d  Provide the LEED Letter Template, signed by the architect, civil engineer or re-
sponsible party, referencing the building plan and demonstrating that vegetated
roof areas constitute at least 50% of the total roof area.

Summary of Referenced Standards

ASTM E408-71(1996)e1—Standard Test Mecthods for Total Normal Emittance of
Surfaces Using Inspection-Meter Techniques, www.astm.org, (610) 832-9585

This standard describes how to measure total normal emittance of surfaces using a
portable inspection-meter instrument. The test methods are intended for large sur-
faces where non-destructive testing is required. See the standard for testing steps and a
discussion of thermal emittance theory.

ASTM E903-96—Standard Test Method for Solar Absorptance, Reflectance, and
Transmittance of Materials Using Integrating Spheres, www.astm.org,
(610) 832-9585

Referenced in the ExerGy Star roofing standard, this test method uses spectropho-
tometers and need only be applied for initial reflectance measurement. Methods of
computing solar-weighted properties from the measured spectral values are specified.
This test method is applicableto materials having both specular and diffuse optical
properties.Except for transmitting sheet materials that are inhomogeneous, patterned,
or corrugated, this test method is preferred over Test Method E1084.

The Eneray Star roofing standard also allows the use of reflectometers to measure
solar reflectance of roofing materials. See the roofing standard for more details.




EPA Energy Star Roofing Guidelines WE| EA [MR[EQ[ ID
LS. Environmental Protection Agency ENERGY STAR® Program, WWW.ENETZYSIAr.gov, Credit 7
(888) 782-7937

The EPAs Eniray Star program allows for volunrary partmerships between the ULS.
Department of Energy, the U.S. Environmental Protection Agency, product manufac-
turers, local utilitics, and retailers. Enery Stak is dedicated ro promaoting energy effi-
ciency, reducing air pollution, and saving money for businesses and residences through
decreased energy use. In addition to several other building product categories, the
ENERGY STAR program identifies roofing products that reduce the amount of air-condi-
tioning needed in buildings, and can reduce energy bills by up to 50% (source: EPA).
Roofing products with the Eniray Star logo meet the EPA eriteria for reflectivi ty and
reliability. Roof solar reflectance requirements for BNERGY STAR roofing products are
summarized in Table 1.

See the ENERGY STAR Roofing Web site for technical criteria, a list of qualifying prod-
ucts and additional information.

Table 1: EPA Energy Star Roof Criteria

Initial Solar 3<¥ear Solar

Reflectance Reflectance

Low-Slope Roof <219 0.65 0.50
Steep-Slope Roof >2:12 0.25 0.15
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Green Building Concerns

As the built environment grows and re-
places natural settings, it also relinquishes
associated ecological services. Vegetation
cools the area surrounding it via shade and
evapotranspiration. The use of dark, non-
reflective surfaces for parking, roofs, walk-
ways and other surfaces contributes to heat
island effects created when heat from the
sun is absorbed and radiated back to sur-
rounding areas. As a resulr of hear island
effects, ambient temperatures in urban
areas can be artificially elevared by more
than 10°F when compared with surround-
ing suburban and undeveloped areas. This
results in increased cooling loads in the
summer, requiring larger HVAC equip-
ment and energy for building operartions.
Heat island effects can be mitigated
through the application of shading and the
use of materials thar reflect the sun’s heat
instead of absorbing it.

Figure 1 illustrates heat island effects in
various cities throughout the United
States. The greater amount of cooling
degree-days in urban locations means that
air-conditioning systems must work
harder and use more energy to maintain
thermal comfort in buildings.

Environmental Issues

Hear island effects are detrimental to site
habitat, wildlife and migration corridors.
Plants and animals are sensitive to higher
temperatures and may not thrive in areas
thac are unnaturally hot. Reduction of
heat island effect minimizes disturbance
of local microclimates. This can reduce
summer cooling loads that in turn reduce
energy use and infrastructure require-
ments.

Economic Issues

According ro the EPA, abour $40 billion
is spent annually in the United States o
air-condition buildings—one-sixth of all
electricity generated in a year. Reduction
in heat islands lowers the cost of cooling
and HVAC equipment needs. Energy to
cool buildings is a substantial cost over a
buildings lifetime.

Higher initial costs may result from in-
stallation of additional trees and architec-
tural shading devices. However, these
items have an acceptable payback when
integrated into a whole systems approach
that maximizes energy savings.

Figure 1: Percentage Increase in Cooling Degree Days for Select Cities
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Design Approach

Strategies

Shade constructed surfaces (e.g. roof,
roads and sidewalks) on the site with
landscape features and minimize the over-
all building footprint. Consider replac-
ing constructed surfaces with vegerated
and/or permeable surfaces such as garden
roofs and open grid paving or specify
high-albedo materials to reduce heat ab-
sorption.

Technologies: Non-Roof

Paving Materials generally exhibir low
reflectance. Asphalt’s reflectance ranges
from 0.05 to 0.10 when new and 0.10 to
0.15 when weathered. Standard gray-ce-
ment concrete reflectance is 0.35 to 0.40
when new and 0.20 to 0.30 when weath-
ered. White-cement concrete reflectance
is 0.70 t0 0.80 when new and 0.40 to 0.60
when weathered. Note that the stated re-
flectance values are for pavements created
in a laboratory. Concrete made with
white cement may cost up to twice as
much as that made with gray cement.
Some blended cements (e.g., slag ce-
ments) are very light in color and cost the
same as gray cement (Source: “Albedo: A
Measure of Pavement Surface Reflec-
tance,” R&T Update #3.05, June 2002,
American Concrete Pavement Associa-
tion, www.pavement.com/techserv/
RT3.05.pdf). Because pavement is ubiq-
uitous, even a small improvement in al-
bedo can make an impact. A simulation
by Lawrence Berkeley National Labora-
tory predicted thar increasing the
reflectivity of 1250 km of pavement in
Los Angeles by 0.25 would resultin $15
million worth of energy savings and re-
duce smog-related medical and lost-work
expenses by $76 million per year.

Coatings and integral colorants can be used
in parking surfaces to improve solar reflec-
tance. If reflective coatings, light concrete
or gravel cannot be used, consider an open-

grid paving system that increases pervious-
ness by at least 50%, which remains cooler
because of evaporation.

Vegetation can shade buildings and pave-
ments from solar radiation and cool the
air through evapotranspiration. Provide
shade using native or climate-tolerant
trees, large shrubs and non-invasive vines.
Trellises and other exterior structures can
support vegetation to shade on parking
lots, walkways and plazas. Deciduous
trees allow buildings to benefit from so-
lar heat gain during the winter months.
On site locations where tree planting is
not possible, use architectural shading
devices to block direct sunlight radiance.
Technologies: Roof

"o maximize energy savings and minirmize
heat island effects, materials must exhibit a
high solar reflectance and a high thermal
emittance over the life of the product. Read
the manufacturer’s dara when selecting a
product based on a materials reflective prop-
erties. Norall manufacturers conduct solar
reflectance and chermal emittance testing
as a matter of course, although research on
urban heat islands has helped to expose the
problem and encourage such testing, Far
more often, manufacturers measure visible
reflectance.

Visible reflectance correlates to solar re-
flectance, but the two quantities are not
equal because solar gain covers a wider
range of wavelengths than visible light.
A material that exhibits a high visible re-
flectance usually has a slightly lower solar
reflectance. For example, a good white
coating with a visible reflectance of 0.8
typically has a solar reflectance of 0.7.
Therefore, it is necessary to measure the
solar reflectance of the material even if the
visible reflectance is known.

Visit the ENERGY STAR® Web site to look
for compliant roofing products and cross-
reference with the emissitance data on the
Lawrence Berkeley National Laboratory’s
Cool Roofing Materials Darabase
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(eetd.Ibl.gov/CoolRoofs) and the Cool
Roof Rating Council Web site

(www.coolroofs.org).

Table 2 provides example values to give a
general idea of initial solar reflectance and
infrared emittance for common roofing
materials. Typically, white roofing prod-
ucts exhibit higher performance charac-
teristics than nonwhite products. Perfor-
manee varies by roofing marerial as well
as brand.

The information below is a summary of
relevant information from the Lawrence
Berkeley National Laboratory’s Cool
Roofing Materials Database.

Asphalt Roofing exhibits rather low re-
flectance. Premium white shingles are
only about 30% reflective, and other col-
ors reflect less. Thermal emittance is gen-
erally high. Thus, white asphalt roofing
might achieve credit requirements for a
steep-slope application.

Coatings contain transparent polymeric
materials and a white pigment to make
them opaque and reflective. White coat-
ings typically reflect 65% or more of the
sun's energy and protect the polymer
material and/or substrare underneath
from UV damage. Coatings are applied
in thicknesses of at least 20 mils (for maxi-
mum reflectance), and up to 50 mils (for
greater durability). Reflectivity perfor-
mance will benefit from occasional clean-
ing. Tinted (colored) coatings cost more
and reflect less sunlight.

Garden Roofs minimize hear island ef-
fects and have aesthetic value. Garden

Table 2: Cool Roofing Materials

Coating, White
Membrane, White
Conerete Tile, White

roofs or green roofs are vegetated surfaces
that capture rainwater and return a por-
tion of it back to the atmosphere through
evapotranspiration, which cools trees and
the surrounding air. Vegetation experi-
ences lower peak temperatures—o60 to
100 degrees Fahrenheit compared to 190
degrees on traditional rooftops—because
it contains moisture. Garden roofs can
potentially save energy used for heating
and cooling. Seme garden roofs require
plant maintenance and are considered
active gardens, while other garden roofs
have grasses and plants that require no
maintenance or watering. All types of
garden roofs require periodic inspection
but are expected to have longer lifetimes
than conventional roofs because the un-
derlying waterproof membrane is shielded
from the effects of ultraviolet radiation
and weather.

Membrane Roofing is fabricated from
strong, flexible, waterproof materials.
There are four types of cool roofing mem-
branes: EPDM, CSPE, PVC and TPO.
These membranes typically exhibit solar
reflectance of 0.75. When a dark mem-
brane (or other roofing such as modified
bitumen) is surfaced with roofing gran-
ules such as gravel, the roof has the solar
reflectance of asphalt shingles, which is
quite low.

Metal Roofing is typically steel or alumi-
num based, although there is still a small
amount of copper and tin roofing used to-
day. Barc and coated meral roofing prod-
ucts typically have a solar reflectance of 60%
to 80%, and a low thermal emittance.

initial Solar
Reflectance

0.75 0.80-0.90
0.75 0.80—0.90
073 0.80-0.90

Source: LBNL Cool Roofing Materials Database: eetd Jbl.govw/CoolRoofs
Note: This table shows common or possible values. Values vary per specific brand and product.




Synergies and Trade-Offs

Site selection and site planning have a sig-
nificant effect on urban hear islands.
Shading from evergreen trees and archi-
tectural shading devices may interfere
with possible solar benefits. Deciduous
trees will allow for solar heat gain during
the winter months. Shading strategies
should be integrated with solar strategies
such as daylighting, solar heating and
photovolrtaic cells.

Garden roofs reduce stormwater volumes
that may be collected for non-potable
purposes. If water reuse and garden roof
strategies are applied together, it is nec-
essary to perform a water balance to de-
termine the estimated volumes of water
available for reuse. Stormwater runoff
volumes from garden roofs depend on the
local climate, depth of soil, type of plants
used and other variables. However, all
garden roofs decrease stormwater volumes
substantially.

Light-colored pavements may create glare
from reflection, posing a hazard to vehicle
traffic and annoyance for building occu-
pants. Buildings in very cold climates may
not experience year-round energy benefits
from reflective roofing and other surfaces,
due to the inverse impact that lower heat
absorptivity and higher emirtance have on
heating energy needs. Increasing the re-
flectance of a roof reduces annual cool-
ing energy use in almost all climates.

Equation 1:

Shade [%] =

Calculations

The following calculation methodology
is used o support the credit submittals

listed on the first page of this credir.

Shading of Non-Roof Impervious Sur-
faces

1. Idenrify all non-roof impervious sur-
faces on the project site and sum the roral
area.

2. Identify all trees that contribute shade to
non-roof impervious surfaces. Calculate the
shade coverage provided by these trees after
ﬁ\e’c y(.’a]'s on thC ﬂOn-rOUF ]']TI PCWEOUS SLI-
faces on June 21 at noon solar time to de-
termine the maximum shading effect. Add
the rotal area of shade provided for non-
roof impervious surfaces.

3. Shade must be provided for at least
30% of non-roof impervious surfaces to
earn this point (see Equation 1).

Impervious Surface Calculations

1. Calculate the total parking lot area of
the project. Parking lots include parking
spaces and driving lanes. Exclude park-
ing spaces that do not receive direct sun
(e.g., underground parking and stacked
parking spaces), sidewalks, roadways and
other impervious surfaces thar cannot
support vehicle loads.

2. Calculate the parking area that is de-
signed with pervious paving materials.
3. A minimum of 50% of the total park-
ing area must be comprised of paving
materials thar exhibit less than 50% im-
perviousness (sec Equation 2).

Shaded Impervious Area [SF]

Total Impervious Area [SF]

Equation 2:

Pervious Parking Area [SF]

Pervious s
Portion L7

Equation 3:
Vegetated

Total Parking Area [SF]

Vegetated Roof Area [SF]

[%] =

Roof Total Roof Area [SF]

WE| EA [MR[EQ] ID

Credit 7

- LEED-NC Version 2.1 Reference Guide

65



WE|EA [MR|EQ| ID
Credit 7

U.5. Green Building Council
66

Vegetated Roof Calculations

1. Calculate the total roof area of the
project. Deduct arcas with equipment
and other appurtenances.

2. Calculate the area of roof that is sur-
faced with a vegerated roof system.

3. Calculate the percentage of the total
roofarea that is covered with a green veg-
etated roof system (sce Equation 3).

Resources

Web Sites
American Concrete Pavement Association
www.pavement.com, 847-966-2272

See R&T Update #3.05, June 2002, "Al-
bedo: A Measure of Pavement Surface Re-
flectance,” www.pavement.com/techserv/
RT3.05.pdF, for reflectance data and re-

lated information.

Cool Roof Rating Council
www.coolreofs.org, (866) 465-2523
Created in 1998 to develop accurate and
credible methods for evaluating and la-
beling the solar reflectance and thermal
emittance (radiative properties) of roof-
ing products and to disseminate the in-
formation to all interested parties.
ENERGY STAR® Roofing Products
www.energystar.gov, (888) 782-7937
Provides solar reflectance levels required to
meer U.S. EPA EnerGy StaR labeling re-
quirements, a list of compliant products (by
manufacturer) for low-slope and steep-slope
roofs, and additional information.

Greenroofs.com
www.greenroofs.com

An independent clearinghouse for infor-
mation about vegetated roofs.

Lawrence Berkeley National Labora-
tory Heat Island Group

eetd.lbl.gov/Heatlsland/graphic, 510-
486-7437

Presents research on the effects of hear
islands and provides specific information
and data on roofing materials. For reflec-
tance and emissivity dara, see cerd.Ibl.gov/

CoolRoofs.
Sacramento Cool Community Program

www.energy.ca.gov/coolcommunity/strat-
egy/coolpave.heml

A program of the Sacramento Tree Foun-
darion thar promotes the use of vegera-
tion strategies, cool roofing and cool pave-
ments to reduce the city’s hear island.
Sacramento’s parking lot shading ordi-
nance is provided, as well as other re-
sources helpful for local governments.

Definitions

Albedo is synonymous with solar reflec-
tance (see below).

Heat Island Effects occur when warmer
rﬁﬂ‘lperﬂtu]’t‘.s are: Cxpcricﬂccd in l_ll"bal‘l
landscapes compared to adjacent rural
areas as a result of solar energy retention
on constructed surfaces. Principal sur-
faces that contribute to the heat island
effect include streets, sidewalks, parking
lots and buildings.

Infrared or Thermal Emittance is a pa-
rameter between 0 and 1 (or 0% and
100%) that indicates the ability of a ma-
terial to shed infrared radiation (heat).
The wavelength range for this radiant
energy is roughly 3 to 40 micrometers.
Most building materials (including glass)
are opaque in this part of the spectrum,
and have an emittance of roughly 0.9.
Marterials such as clean, bare metals are
the most important exceptions to the 0.9
rule. Thus clean, untarnished galvanized
steel has low emirtance, and aluminum
roof coatings have intermediate emittance
levels.




Open-Grid Pavement is defined for
LEEL purposes as pavemenr that is less
than 50% impervious,

Solar Reflectance (albedo) is the rario
of the reflected solar energy to the incom-
ing solar energy over wavelengths of ap-
proximately 0.3 1o 2.5 micrometers. A re-
flectance of 100% means that all of the
energy striking a reflecting surface Is re-
flected back into the armosphere and none
of the energy is absorbed by the surface.
The best standard technique for its de-
rermination uses spectro-photometric
measurements with an integrating sphere
to derermine the reflectance at each dif
ferent wavelength. An averaging process
using a standard solar spectrum then de-
termines the average reflectance (see
ASTM Standard E903).

Underground Parking is a “tuck-under”
or stacked parking structure that reduces
the exposed parking surface area.

WE| EA MR[EQ| D
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Intent 1 pOiﬂt

Eliminate light trespass from the building and site, improve night sky access and re-

Light Pollution Reduction

duce development impact on nocrurnal environments.

Requirements

Mect or provide lower light levels and uniformity ratios than those recommended by
the llluminating Engineering Society of North America (IESNA) Recommended Prac-
tice Manual: Lighting for Exterior Environments (RP-33-99). Design exterior lighting
such thar all exterior luminaires with more than 1000 initial lamp lumens are shielded
and all luminaires with more than 3500 initial lamp lumens meet the Full Curoff
[ESNA Classification. The maximum candela value of all interior lighting shall fall
within the building (not out through windows) and the maximum candela value of all
exterior lighting shall fall within the property. Any luminaire within a distance of 2.5
times its mounting height from the property boundary shall have shielding such that
no light from that luminaire crosses the property boundary.

Submittals

3 Provide the LEED Letter Templare, signed by a lighting designer or an appropri-
ate party, declaring that the credit requirements have been mer.

Summary of Referenced Standard

IESNA Recommended Practice Manual: Lighting for Exterior Environments
(LIESNA RP-33-99)

[luminating Engineering Society of North America, www.iesna.org, (212) 248-5000

This standard provides general exterior lighting design guidance and acts as a link to
other IESNA outdoor lighting Recommended Practices (RPs). IESNA RP documents
address the lighting of different types of environments. RP-33 was developed to aug-
ment other RPs with subjects not otherwise covered and is especially helpful in the
establishment of community lighting themes and in defining appropriate light trespass
limitations based on environmental area classifications. RP-33 addresses visual issues
such as glare, luminance, visual acuity and illuminance. Also covered are exterior
lighting design issues including community-responsive design, lighting ordinances,
luminaire classification, structure lighting, and hardscape and softscape lighting. Light
level recommendations in RP-33 are lower than in many other RPs, since RP-33 was
written to address environmentally sensitive lighting,

Another useful Recommended Pracrice is RP-20-98, “Lighting for Parking Facili-
ties.” RP-20 discusses lighting design issues and makes light level recommendations
for open and covered parking facilities. Not all the light level recommendations in
the RP-20, or in any of the RPs, are appropriare for lighting in environmentally
sensitive areas, §o it is important to try to use the lowest recommended values. It is
also important to recognize that, as a whole, different IESNA RP documents are not
in agreement on all lighting issues and many of the RPs will be revised to include

LEED-NC Version 2.1 Reference Guide

69



WE|EA ‘MR]EQI ID|  recommendations based on environmental zones. The designer must interpret
Credit 8 related documents to find a recommendation thar uses the lowest _Lig_ht levels while
' still addressing specific project issues. Table 1 provides suggested light trespass
limitations based on different types of environmental zones. Illuminance values are
measured at the eye on a plane perpendicular to the line-of-sight.

Table 1: Light Trespass Limitalions

Environmental Zone Description Recommended Maximum
lliuminance Levels [fc]

E1: Intrinsically Dark Parks and residential areas where controlling light 0.1
pollution is a high priority

E2: Low Ambient Brightness Outer urban and rural residential areas 0.1

E3: Medium Ambient Brightness Urban residential areas 0.2

E4: High Ambient Brightness Urban areas having both residential and commercial 0.6

use and experiencing high levels of nightlime activity

Note: Table 1 has been adapted from IESNA RP-33-99. “Post Curfew" recommendations have been used for all values to
ensure that light trespass is minimized for each enviconmental zone. It is recognized that in situations where the property line
is very close to the area of development (commonly referred fo as “zero properly line”), and where lighting is required for
emergency egress purposes, it may not be possible to meet the Table 1 recommendalions. These sitiations should be
carefully explained and documented.

U.S. Green Building Council o
70




Green Building Concerns

Ourtdoor lighting is necessary for illumi-
nating connections between buildings
and support facilities such as sidewalks,
parking lots, roadways and communiry
gathering places. However, light trespass
from poorly designed outdoor lighting
systems can affect the nocturnal ecosys-
tem on the site, and light pollution Jim-
its night sky access. Through thoughtful
design and careful maintenance, outdoor
lighting can address night sky visibility
issues and site illumination requirements,
while minimizing the negative impacr on
the environment.

Environmental Benefits

Sensitively designed outdoor lighting can
extend access and use of many areas into
the nighttime hours. We can gain a
unique appreciation for a place ac night
because of sensitively and crearively de-
signed lighting systems. But any time
lighting is added to an exterior environ-
ment, light pollution and the potential
for light trespass increase. Even with the
best full cutoff luminaires and the lowest
wartage lamp packages, the added light
will be reflected off surfaces and into the
atmosphere. Using the minimum amount
of lighting equipment, limiring or elimi-
nating all landscape lighting, and avoid-
ing light pollution and trespass through
the careful selection of lighting equip-
ment and controls allow nocturnal life to
thrive while still providing for nighttime
activity.

Economic Benefits

Carefully designed exterior lighting solu-
rions can reduce infrascructure costs and
energy use when compared to common
practice solutions. Energy and mainte-
nance savings over the lifetime of the
project can be substantial.

Community Benefits

Minimizing light pollution and trespass al-
lows for night sky access by the surround-

ing community. Another key benefit is
bertrer visual comfort and improved visibil-
ity. Sensitively designed lighting systems that
minimize glare and provide more uniform
light at lower levels will help create aestheti-
cally pleasing environments that are safer
and more secure. A carefully designed and
maintained outdoor lighting system can
help a project be a non-intrusive member
of the community.

Design Approach

Strategies

Eliminate all unshielded fixtures (flood-
lights) on the project site. Interpret be-
tween existing standards and design for
the lowest possible light levels while ad-
dressing safety, security, access, way find-
ing, identification and aestherics. Use
IESNA designation “full cutoff” lumi-
naires for lamp packages with more than
3500 initial lumens and provide shield-
ing for luminaires with lamps having
more than 1000 initial lumens. The
shielding of low brightness luminaires can
vary depending on the ambient bright-
ness of the surrounding environment and
on the type of environmental zone (as de-
scribed in TESNA RP-33-99) that best
describes the project. For example, in sites
where there is low ambient brightness and
there is a great potential for glare and light
trespass, even sources with very low lu-
men output may need ro be fully shielded
to maintain the highest levels of visual
comfort. In these situations, a luminaire
with IESNA full cutoff designation might
be appropriate. In high ambient bright-
ness arcas where less shielding is required,
a luminaire with IESNA semi-cutoff or
non-cutoff designations may be appropri-
ate. The designer should take care in mak-
ing the decision on how much shielding
is required.

Minimize or eliminate lighting of archi-
tectural and landscape features. Where
lighting is required for safety, security,

BB we[eA[MREQ[ID
Credit 8
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utilize

downlighting techniques rather than
- L=

uplighting. For example, in environments

egress  or identification,

that are intrinsically dark, no landscape
features should be lighted, and architec-
tural lighting should be designed only as
a last resort when other strategies have
tailed to provide the minimum amount
of required lighting. In areas of high am-
bient brightness, some low level (subtle)
lighting of fearures, facades or landscape
areas may be appropriate in pedestrian en-
vironments or for identification and way
finding in other areas where light trespass
is not likely to be an issue. However, even
in areas of high ambient brightness, all
non-essential lighting, including land-
scape and architectural lighting, should
be minimized or turned off after hours.
If shielded, low brightness sources are used
to selectively light features, they should
be properly aimed so thar light from the
luminaires cannot be measured across
project boundaries. In all cases, controls
should be used wherever possible to turn
off lighting after normal operating hours
or in post-curfew periods. Consider at
least the following strategies when design-
ing the exterior lighted environment:

1. Employ a lighting professional to as-
sess the project’s lighting needs and pro-
vide recommendations based specifically
on lighting for a sustainable design envi-
ronment.

2. Carefully review and respond to any
local or regional lighting ordinances or
bylaws that might impacrt the lighting
design for the project site.

3. Consult IESNA RP-33 and determine
the type of environmental zone that the
project falls under from Intrinsically Dark
(Zone El) to High Ambient Brightness
(Zone E4). Understand the design impli-
cations of the environmental zone that
best fits the project and study neighbor-
ing areas to identify potential light tres-
pass problems.

4. Use the least amount of lighting equip-
ment possible to achieve the goals of the
project, but balance the quantity of equip-
ment used with the need to provide for
glare control and uniform lighting. In
most cases, it is better to have two lumi-
naires with lower light output and good
glare control than one higher output
luminaire.

5. Select all lighting equipment carefully.
Any type of luminaire, whether it is full
cutoff, semi-cutoff or non-cutoff, can pro-
duce excessive brightness in the form of
glare. For example, horizontal lamp posi-
tions in full curoff luminaires tend to pro-
duce much less glare than vertical lamps.
Selecting high-performance equipment of
good quality is not only essential in main-
taining visual quality, buralso will quickly
pay for itself in reduced maintenance
costs.

6. Design exterior lighting to produce
minimal upward illumination from direct
or reflected light sources. Select luminaire
locations carefully to control glare and
contain light within the design area. Pay
special attention to luminaires that are
located near the property line to ensure
that no measurable light from these lu-
minaires crosses the project boundary.
7. Use the minimum amount of light
necessary and only light areas that require
it. Design and develop a control scheme
to minimize or turn lighting off after
hours or during post-curfew periods.

8. Create a computer model of the pro-
posed electric lighting design and simu-
late system performance. Use this tool to
provide point by point horizonzal illumi-
nance information or an isofootcandle
contour map demonstrating that illumi-
nance values are zero (or near zero) at the
project boundary. Where luminaires are
within 2.5 times their mounting height
from the project boundary and the light
levels are not zero at the boundary, light
trespass is more likely to be a problem. In



this case a simple calculation can be per-
formed to show that the “line of sight”
lluminance limits for light trespass listed
in Table 1 have been met. A procedure
for evaluating light trespass is outlined in
the calculations section.

9. After the lighting system is constructed,
it should be commissioned to ensure that
it is installed and operating properly.
Maintenance should be performed on the
system on a regular basis to ensure that it
continues to operate correctly, and thar
light pollution and trespass are mini-
mized,

Technologies

Design site lighting and select lighting
equipment and echnologics to have mini-
mal impact off-site and minimal coneri-
bution to sky glow (light pollution).
Employ luminaires with the proper op-
tics and shielding. Use low-reflectance

ground covers and minimize the use of

highly reflective and specular surfaces that
may be a source of reflected glare. When
surfaces are used to reflect light, use lower
wattage light sources to reduce light ley-
els and overall brightness. Even low
brightness luminaires should be aimed
carefully to eliminate glare and light cres-
pass. Aiming angles greater than 45 de-
grees above vertical should be avoided.
Luminaires with lockable aiming should
be used in instances where glare control
Is very important or where special aiming
must be maintained. Use motion gensors,
photocells; stepped dimming, automatic
switching and time clocks to control ex-
terior lighting during pre- and post-cur-
few periods. Exterior signs that must be
lighted should be made as small as pos-
sible and internally lighted signs should
have letters and images on a dark back-
ground. Externally lighted signs should
be downlighted from the top whenever
possible; and the luminaires used should
be full cutoff with additional shielding as
necessary to control stray light thar does
not illuminate the sign.

Synergies and Trade-Offs

Exterior lighting strategies are affected by
the transportation program, as well by as
the toral area of developed space on the
project site, In addition to energy effi-
ciency, the exterior lighting system re-
quires commissioning and measurement
& verification. ASHRAE 90.1-1999 (see
EA Credit 1) includes provisions for ex-
terior facade lighting and addresses auro-
matic lighting controls, control devices,
minimum lamp efficacy and lighting
power limits. The standard requires sepa-
rate caleulations for interior and exterior
lighting loads and, thus, trade-offs be-
tween interior and exterior loads are not
permitted. See the standard for more in-
formation.

Education is one of the most important
aspects of sustainable lighting design.
Some people believe incorrectly that lower
levels of outdoor lighting will create safery
or security problems. However, it can be
casily demonstrated that the quality of the
lighting design has a much greater impact
on safety and the perception of security
than docs light level. Low light level en

vironments with good uniformiry of light
and controlled glare are often environ-
ments that provide good visibility. Envyi-
ronments with good visibility are usually
safer and more secure. These environ-
ments also use less energy, and they cause
less light pollution and trespass. It is not
only acceptable; but also sometimes pre
ferred not to light an environment,

Calculations

The following materials are recom-
mended to support the credir:
L. Provide an exterior site plan showing;
e Allbuildings, parking and pedes-
trian areas, trees and landscape
features
® A luminaire schedule showing

the type, style, location, height,
orientation, shiclding and aim-

WE| EA[MR[EQ[ ID

Credit 8

LEED-NC Version 2.1 Reference Guide

73



Credit 8

WE|EA [MR|EQ| ID

=

Figure 1: Example of a Site Lighting Plan
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ing of all light sources and all
lighting control devices

e A compurter-generated lighting
calculation indicating horizontal
illuminance on a 10°x10" mini-
mum grid and a minimum of 10
feet beyond the lot or property
boundary for areas that are rep-
resentative of each design condi-
tion (Isofootcandle contours are
also acceprable for showing light
levels). Include maximum to
minimum uniformities for each
SPCCiﬁC rypu Qr arca DF lse, and.
any associated light loss factors
(LLF) used in the procedure.
RP-33 references appropriate
RPs for various design condi-
tions. Consult these RPs for rec-
ommended criteria.

2. Provide a calculation for “line of sight
illuminance” (light trespass) for lumi-
naires near the property line where the
calculated light levels did nor reach zero.
See Table 1 for light trespass limits. To
caleulate line of site illuminance (E ):
multiply the horizontal illuminance (E, )
{at ground level for LEED calculation
purposes) on the property line by one over
the sine of the angle (1/sinB), where the
angle is between the ground plane at the
point of measurement and a line drawn
from that point to the light source.

3. Catalog cut sheets for all exterior lu-
minaires with more that 3500 lumen
lamps, demonstrating thar they meet the
Full Cutoff IESNA Classification, and
indicating lamp type, distribution type
and any additional shiclding.

4. Cawalog cut sheets for all exterior lu-
minaires with more than 1000 lumen
lamps, demonstrating that they are appro-
priately shielded for the project’s Environ-
mental Zone.

5. Provide interior lighting design draw-

ings for the building’s perimeter areas
‘demonstrating that the maximum candela

value of interior lighting falls within the
building and not out through the win-
dows.

The site lighting plan illustrated in Figure
1 includes a parking lot and office building
in an area of low ambient brightness (Envi-
ronmental Zone 2). The luminaire sched-
ule describes the light source used in each
luminaire and the shielding classification
provided to meet the credit requirements.
Note that asummary is used in this example
for illustration purposes. A complete sched-
ule is required.

The site lighting plan indicates major site
features, luminaire layourt and calculated
point-by-point illuminance values at
ground level on a grid that is less than
10’x10°, or indicated by isofootcandle
lines. The maximum to minimum uni-
formity ratio is 7:1, which meers the cri-
teria in IESNA RP-20, which RP-33 ref-
erences for parking facilities.

The lighting point-by-point calculation
plan shows that the illuminance value at
the property line does not reach 0 at Point
A (E, at Point Ais 0.01fc). Therefore,
the “line of site illuminance” must be cal-
culated for the adjacent luminaire. The
calculation E,_ =(1/sin33°)(0.01fc) yields
aresult of 0.018fc. Since this value is less
than the 0.1fc limitation given by IESNA
RP-33-99, the LEED requirement has
been mert for Point A,

The angle of the maximum candela value
for interior luminaires is determined from
the luminaire photometry. It is then dia-
gramed on the building section. The site
and building sections in Figure 2 illus-
trates that the maximum candela values
for luminaire types “X” and “Y” fall within
the building.

LEED-NCVersion 2,1 Reference Guide
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Figure 2: Building and Site Sections
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Courtesy of Clanton & Associates

Resources
Web Sites

Iluminating Engineering Society of
North America

www.lesna.org, (212) 248-5000

The most comprehensive source for light-
ing information.

International Dark Sky Association
www.darksky.org, (520) 293-3198

A nenprofit organization dedicated to
providing education and solutions for
light pollution and light trespass.

Lighting Rescarch Center
www.lrc,rpi.edu

A leading university-based research center
devorted to providing objecrive information
abour lighting technologies, applications
and products to aid facility managers, utili-
ties, lighting designers, engineers and elec-
trical contracrors. The Web site includes
the National Lighting Product Information
Program (NLPIP), which provides free pub-
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lications about lighting topics (such as light
pollution) and products.

New England Light Pollution Advisory
Group (NELPAG)

cfa-www.harvard.edu/cfa/ps/nelpag.html

A volunteer group that educates profes-
sionals and the public on the virtues of
efficient, appropriately sited glare-free
outdoor night lighting by addressing
safety, right to privacy, light trespass, night
sky vision and encrgy issues.

Print Media

Outdoor Lighting Manual for Vermont
Municipalities, PT1 Publications Center,
(301) 490-2188, Order No. DG/95-308.

Definitions

Curfew Hours are locally determined
times when greater lighting restrictions
are imposed.

Cutoff Angle is the angle berween the
vertical axis of a luminaire and the first
line of sight (of a luminaire) at which the
light source is no longer visible.




Hluminance is the amount of light fall-
ing on a surface, measured in units of foor-
candles (fc) or lux (1x).

A Footcandle (fc) is a measure of light
falling on a given surface. One footcandle
is equal to the quantity of light falling on
a one-square-foot area from a one can-
dela light source at a distance of one foor.
Footcandles can be measured both hori-
zontally and vertically by a foorcandle or
“light merer.”

A Full Cutoff luminaire has zero candela
intensity at an angle of 90 degrees above
the vertical axis (nadir) and at all angles
greater than 90 degrees from nadir. Ad-
ditionally, the candela per 1000 lamp lu-
mens does not numerically exceed 100
(10 %) at an angle of 80 degrees above
nadir. This applies to all lateral angles
around the luminaire.

Glare is the sensation produced by lumi-
nance within the visual field that is sig-
nificantly greater than the luminance to
which the eyes are adapred, which causes
annoyance, discomfort or loss in visual
performance and visibility

Light Pollution is caused by stray light
from unshielded light sources and light
reflecting off surfaces rthat enters the at-
mosphere where it illuminates and reflects
off dust, debris and water vapor to cause
an effect know as “sky glow.” Light pol-
lution can substantially limic visual access
to the night sky, compromise astronomi-
cal research, and adversely affect nocrur-
nal environments. Stray light thar enters
the atmosphere does not increase night-
time safety or security and needlessly con-
sumes energy and natural resources.

Light Trespass is commonly thought of
as “the light shining in my window.” It is
defined as obtrusive light that is un-
wanted, because of quantitative, direc-
tional or spectral attributes. Light trespass
causes annoyance, discomfort, distraction
or a loss of visibility

Luminance is what we commonly call
brightness or the light coming from a sur-
face or light source. Luminance is com-
posed of the intensity of light striking an
object or surface and the amount of that
light reflected back toward the eye. Lu-
minance is measured in footlamberts (fI)
or candela per square meter (cd/m?2).

Shielding is a non-technical term that de-
scribes devices or techniques that are used
as part of a luminaire or lamp to limic
glare, light trespass and light pollution.

WE| EA[MR[EQ[ ID
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Case Study

The Aspen Skiing Company Sundeck Restaurant
Aspen, Colorado

The Aspen Skiing Company Sundeck Restaurant is a LEED™
Version 1.0 Bronze Pilot Project located atop Aspen Mountain.
Interior and exterior lighting plans were designed to minimize
impacts on the surrounding natural areas. Blackour curtains were
installed for interior service areas where unshielded fixtures are
located to block light from spilling out of windows. Lighting
fixtures were chosen carefully to eliminate direct glare from light

sources and indirect glare from expected viewing angles. Reflec-

tance of interior surfaces that can be viewed from off-site is lim-
ited to 40%. Exterior lighting is limited to code requirements
and outdoor fixtures are baffled to reduce light trespass. All exte-
rior lighting is automatically shut off at 11 pm. Reflective sur-
faces on the project site were minimized and snow is removed
from below windows to reduce the potential for light reflection.

Coutledy i The Aspn Skifng Compansy

Owner
The Aspen Skiing Company




Water Efficiency

In the United States, approximartely 340
billion gallons of fresh water are with-
drawn per day from rivers, streams and
reservoirs to support residential, commer-
cial, industrial, agricultural and recre-
ational activities. This accounts for abour
one-fourth of the nation’s total supply of
Almost 65% of
this water is discharged to rivers, streams

renewable fresh water,

and other water bodies after use and, in
SOIME CASCS, (reatment.

Additionally, water is withdrawn from un-
derground aquifers, In some parts of the
United States, warer levels in chese aquilers
have dropped more than 100 feet since the
1940s. On an annual basis, the water defi-
citin the Unired States is currently estimared
at about 3,700 billion gallons. Tn other
words, Americans extract 3,700 billion gal-
lons per year more than they return to the
natural water system to recharge aquifers
and other warer sources.

On a positive notey LLS. industries today
use 36% less water than they did in 1950
although industrial output has increased
significantly. This reduction in warter use is
largely due to the rigorous water reuse strat-
egies in industrial processes. In addition,
the Energy Policy Act of 1992 mandated
the use of water- conscrving plumbing fix-
tures to reduce warer use in residential, com-
mercial and institutional buildings.

Using large volumes of water increases
maintenance and life-cycle costs for build-
ing opcrations and increases consumer
costs for additional municipal supply and
treatment facilites. Conversely, facilities
thar use water efficiently can reduce costs
through lower water use fees, lower sew-
age volumes to treat energy and chemical
use teductions, and lower capacity charges
and limits. Many water conservation
strategies inyolve either no additional cost
or rapid paybacks. Other water conser-
vation strategies such as biological waste-
water treatment, rainwater harvesting and
graywater plumbing systems often involye
more substantial investment.

Warer efficiency measures in commercial
buildings can casily reduce water usage by
30% or more. Ina typical 100,000-square-
foot office building, low-flow fixtures
coupled with sensors and automatic con-
trols can save a minimum of 1 million gal
lons of water per year, based on 650 build-
ing occupants cach using an average of 20
gallons perday. Non-potable water volumes
can be used for landscape irrigation, toilet
and urinal flushing, custodial purposes and
building systems. Ulility savings, though
dependent on the local water costs, can save
thousands of dollars per year, resulting in
rapid payback on warer conservation infra-
structure.

Overview

Overview of LEED'™
Credits

WE Credit 1

Water Efficien!
Landscaping,

WE Credit 2
Innovatve Wastewaler
lechnologics

WE Credil 3
Wiiler Use Reduction

There are 5 points
availabile i the Wate
Efficiency category.

LEED-NC Version 2.1 Reference Guide

79



55 EA [MRIEQ[ID |
Water Efficient Landsca_ping_ Credit 1.1

50% Reduction

1 point

Intent

Limirt or eliminate the use of potable water for landscape irrigation.

Requirements

Use high-efficiency irrigation technology OR use captured rain or recycled site water
to reduce potable water consumption for irrigation by 50% over conventional means.
Submittals

0 Provide the LEED Letter Template, signed by the architect, engineer or respon-
sible party, declaring that potable water consumption for site irrigation has been
reduced by 50%. Include a brief narrative of the equipment used and/or the use of
drought-tolerant or native plants.

LEED-NC Version 2.1 Reference Guide
81




'ss [ ea [Mr[EQ[ID

Credit 1.2

LS. Green Building Council

82

1 point
in addition to
WE 1.1

- Water Efficient Landscaping

No Potable Use or No Irrigation

Intent

Limit or eliminate the use of potable water for landscape irrigation.

Requirements

Use only captured rain or recycled site warter to eliminate all potable water use for site
irrigation (excepr for initial watering to establish plants), OR do not install permanent
landscape irrigation systems.

Submittals

4 Provide the LEED Letter Template, signed by the responsible archirect and/or
engineer, declaring that the project site will not use potable warer for irrigation.
Include a narrative describing the caprured rain system, the recycled site water
system, and their holding capacity. List all the plant species used. Include calcula-
tions demonstrating that irrigation requirements can be mer from caprured rain or
recycled site water.

OR

d  Provide the LEED Letter Template, signed by the landscape architect or respon-
sible party, declaring that the project site does not have a permanent landscape
irrigation system. Include a narrative describing how the landscape design allows

for this.

Summary of Referenced Standards

There is no standard referenced for this credic.




Green Building Concerns

Landscape irrigation practices in the United
States consume large quantities of potable
water. For example, in urban areas of Texas,
residential and commercial landscape irri-
gation accounts for an estimated 25% of
total water consumption. Irrigation typi-
cally uses potable warter, although water
volumes of lower quality water (i.c., non-
potable water) are equally effective for irri-
gating landscapes. Sources of non-potable
water volumes include caprured rainwarer
from roof runoff as well as graywater from
building systems (e.g., sinks and showers)
or a municipal recycled water supply sys-
tem. High-efficiency irrigation systems are
another method ro reduce potable water use
for irrigation. These systems deliver up to
95% (_)["‘ tl]C water SllPl.:JliClll VEISLS Cconven-
tional irrigation systems that are as lietle as
60% efficient.

Environmental Issues

Narive landscapes that have lower irriga-
tion requirements tend to attract native
wildlife, including birds, mammals and
insccts, creating a building sive that is in-
tegrated with the natural surroundings.
In addition, native plantings require less
fertilizer and fewer pesticides and, thus,
reduce water quality impacts.
Economic Issues

Utility rates for potable water are expected
to escalate in future years as a result of
overconsumption and finite porable wa-
ter resources. Currently, the most effec-
tive strategy to avoid escalating water costs
is simply to use less potable water.

The cost of imigadon systems can be re-
duced or eliminated through thoughtful ir-
rigation planning. Although the cost for
micro-irrigation systems is generally higher
than for conventional systems due to addi-
tonal design costs, the payback period can
be rapid due to lower water use and main-
tenance requirements. Generally, micro-ir-
rigation systems are compriscd of fewer

materials, rely on less mechanical compo-
nents for operation, and are easy o repair
in the event of breakage.

Initial landscaping costs can be reduced if

the existing plants on the site are retained.
These plants are typically well-adapted to
the project site and reduce landscaping
maintenance costs due to minimal water,
chemical and energy requirements.
Xeriscapes or dry landscapes are another way
to reduce landscaping costs by eliminating
the need for irrngarion.

Community lssues

Water-cfficient landscaping helps to con-
serve local and regional porable warter re-
sources. Maintaining natural aquifer con-
dittons is important to providing reliable
water sources for furure generations,
Consideration of water issues during
planning can encourage development
when resources can support it and pre-
vent development if it exceeds the re

SOurce capacity.

Design Approach

Strategies

Perform a soil and elimace analysis ro de-
termine which plants will adapt best to
the site’s soil and climate, and specify
plants that are most suitable to site con-
ditions. However, do not expect the re-
sulting landscapes to require “no mainte-
nance,” as nearly all landscapes require
some routine upkeep. Therefore, com-
pile and follow a seasonal maintenance
schedule for optimizing a healthy land-
scape. This schedule should address spe-
cific times for pruning, watering and pest
inspection. In addition, use techniques
such as integrated pest management,
mulching, alternative mowing and
composting to maintain plant health.
These practices conserve water and help
toster optimal soil conditions. Develop a
landscaping water use bascline as de-
scribed in the Caleulations section.

Credit 1

Synergies

55 Prerequisite 1
Frosion & Sedimentation
Control

SS Credit 1

Site Selection

S8 Credit 5

Reduced Site
[isturbance

SS Credit 6

Stormwater Management
S8 Credil 7

Landscape and Pxterior
Diesipn o Reduce

Heat Islands

WE Credit 3

Water Use Reduction
EA Prerequisite 1
Fundamental Building
Commissioning

EA Prerequisile 2
Minmurm Energy
Performance

EA Credit 1

Optimize Energy
Perlormane

EA Credit 3
Additional

Commissioning
EA Credit 5
Mensurement &
Verifeation

EQ) Prerequisite 1
P 1A
Performance

FQ Credit 7
Thermal Comlfort
EQ Credil 8
Daylight & Views
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Design the site landscape with indigenous
plants. Also specify and install a diver-
sity of plants that are adapred to site con-
ditions (climate, soils and natural warer
availability) and that do not need water-
ing from municipal potable water after
establishment. It is up to the landscape
designer to provide documentation that
the species selected will not require per-
manent irrigation once established. The
generally accepted timeframe for tempo-
rary Irrigation s one to two years.

Specify and install a roof-water or ground-
water collection system. Use meral, clay
or concrete-based roofing materials and
take advantage of gravity water flows
whenever possible. Roofs made of asphalc
or roofs with lead-containing materials
contaminate collected rainwater and ren-
der it undesirable for reuse. The filtra-
tion of collected rainwater for irrigation
can be achieved through a combination
of graded screens and paper filters. It is
important to check local rainfall quantiry
and quality as collection systems may be
inappropriate in areas with very low rain-
fall. Also, rainwater that is highly acidic
ot has high mineral content may damage
reuse systems. Conversely, rainwater may
have a lower mineral content than the
local water supply and may therefore be
advanrtageous for use in appliances such
as water heaters and washers.

Checkwith local health code departments
for guidelines regarding the collection of
rainwater, since such collection is not fed-
erally regulated. If collecred rainwater is
to be used for porable or irrigation pur-
poses, certain health code departments
might require back-flow prevention de-
vices to avoid the risk of contaminating
public drinking water supplies.

Technologies

High-efficiency irrigation strategies include
micro-irrigation systems, moisture SEnsors,
clock dmers and weather database control-
lers. These systems are widely available and

significantly more water-efficient than con-
ventional irrigation systems.

Graywater systems can be used to recover
water volumes from building sewage.
Graywater consists of wastewater from
lavatories, showers, washing machines and
other building activities that do not in-
volve human waste or food processing.
These graywater volumes can be stored
in cisterns on the site and used in the irri-
gation system. Also, stormwater volumes
can be collected from hardscape surfaces
on the site, such as roofing, and used in
the landscape irrigation system.

Synergies and Trade-Offs

Landscape design is highly dependent on
the site location and design. It may be
advanrtageous to couple the landscape
design with water reuse strategies. Land-
scape plantings may be designed to miti-
gate climate conditions and reduce over-
all energy consumption. Plants can be a
natural aid to passive solar design, serve
as windbreaks, and decrease noise. Irri-
gation and water reuse schemes will af-
fect building energy performance and
typically require commissioning and mea-
surement & verification atrention. High-
efficiency irrigation systems do not work
in the same manner as conventional irri-
gation systems and it is important to un-
derstand system operations. It is often
necessary to train maintenance staff and
to monitor regularly the irrigation system
to ensure that it is working properly. The
reuse of an existing building may dictate
water reuse strategies. Landscape design
may affect ventilation, daylighting and
thermal comfort for the building.

Calculations

The following calculation methodology
is used to supporrt the credit submirtals as
listed on the first page of this credit. In
order to quantify water-efficient landscap-
ing measures, it is necessary to calculate
irrigation volumesfor the designed land-




scape irrigation system for the month of
July and compare this with irrigation vol-
umes required for a baseline landscape
irrigation system. The resulting water
savings is the difference between the two
systems. The factors thar must be calcu-
lated to determine irrigation volumes are
explained in derail in the following para-

graphs and summarized in Table 1,
The Landscape Coefficient (K,) indi-

cates the volume of water lost via evapo-
transpiration and is dependent on the
landscape species, the microclimate and
the planting density. The formula for
determining the landscape coefficient is
given in Eqnation 1.

The Species Factor (k ) accounts for varia-
tion of water needs by different plant spe-
cies. The species factor can be divided into
three categories (high, average and low) de-
pending on the plant species considered. To
determine the appropriate category for a
plant species, use plant manuals and pro-
tessional experience. This factor is some-
what subjective but landscape profession-
als should have a general idea of the water
needs of partcular plant species. Land-
scapes can be maintained in acceprable con-
dition arabout 50% of the reference evapo-
transpiration (E'T,) value and thus, the av-
erage value of k is 0.5. (Note: If a species
does not require irrigation onge it is estab-
lished, then the effective k’ = () and the re-
sulting K, =0.)

Table 1: Landscape Factors

Species

Vegetation Type

low!  average

Trees 0.2 0.5
Shrubs 0.2 05
Groundcovers 0.2 0.5
Mixed: trees, shrubs;

groundcovers 0.2 0:5
Turfgrass 0.6 0.7

Factor (ks)

Equation 1:
KL = ks % ka x kme

The Density Factor (k,) accounts for the
number of plants and the total leaf area
of alandscape. Sparsely planted areas will
have lower evapotranspiration rates than
densely planted areas. An average k, is
applied to arcas where ground shading
from trees is in the range of 60-100%.
This is also equivalent to shrubs and
ground cover shading 90-100% of the
landscape area. Low k, values are found
where ground shading from trees is less
than 60% or shrub and groundcover is
less than 90%. For instance, a 25%
ground shading from trees resules in a k;
value of 0.5. In mixed landscape plantings
where trees cover understory groundcover
and shrubs, evapotranspiration increases.
This represents the highest level of land-
scape density and the k value should be
between 1.0 and 1.3.

The Microclimate Factor (k) accounts
for environmental conditions specific to the
landscape, including temperature, wind and
humidity. For instance, parking lot areas
increase wind and temperature effects on
adjacent landscapes. The averagek  is 1.0
and this refers to condidons where the land-
scape evapotranspiration rate is unaffected
by buildings, pavements, reflective surfaces
and slopes. Higher |k conditions occur
where evaporative potential is increased due

Density
Factor (ka)
high average tigh
0.9 0.5 1.0 1.3
07 05 1.0 1.1
0.7 05 1.0 1.1
0.9 0.6 1.1 1.3
0.8 0.6 1.0 1.0

$ W03 EA [MR

Credit 1

|[EQ|ID

Microclimate
Factor (knd)
low average.
0.5 1.0
0.5 1.0
0.5 1.0
05 1.0
0.8 1.0

14
1.3

1.2

14

T2
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to landscapes surrounded by heat-absorb-
ing and reflective surfaces or are exposed to
particularly windy conditions. FExamples
of high k_areas include parking lots, west
sides of huﬂdmtrs, west and south sides of
slopes, medians, and areas experiencing
wind tunnel effects. Low microclimare ar-
eas include shaded arcas and areas protected
from wind. North sides of buildings, court-
yards, areas under wide building overhangs,
and north sides of slopes are low microcli-
mate arcas. Table 1 provides suggested val-
ues for ko 5 k e vand k.

Once K| is determined, the evapotrans-
piration (ET rate of the specific landscape
(ET, ) can be calculated. K, is multiplied
by the reference r:vapotr.n'lspuarmt':
(ET,) to obrain ET| as shown in Equa-
tion 2. The evapotranspiration rate is
a measurement of the roral amount of
water needed to grow plants and crops.
Different plants have different water
needs, and thus different ET rates. Ieri-
gation calculations are simplified by us-
ing ET , which is an average rate for a
known surface, such as grass or alfalfa,
used as a reference point and expressed in
millimeters or inches.
The values for ET
throughout the United States can be

in various regions

found in regional agricultural data (see
Resources section). The ET, for July is
used in the LEED calculation because this
is typically the month with the greatest
evapotranspiration effects and, therefore,
the greatest irrigation demands.

To caleulate irrigation volumes, apply the
irrigation cfficiency (IE). Table 2 lists
irrigation efficiencies for sprinkler and
drip irrigation systems.

The Total Potable Water Applied
(TPWA) to a given area (A) is calculated
in Equation 3.

This equation indicates that a smaller
landscape area, a smaller E'l"l value, and
a larger 1E value result in a lower TPWA

value. This is sensible because smaller

Equation 2:
ETL[in] = ETa[in] x KL

landscape areas require less water to irri-
gate, a smaller ET value means less wa-
ter loss due to evapotranspiration, and a
higher 1E means that irrigation warer is
being used more efficiently.

To determine the warer savings for the
designed landscaping irrigation system,
perform the above calculations for the
design case as well as a baseline case.

1. Use Table 1 to determine the appro-
priate landscape factors for each specific
landscape area in the design case (e.g.. k,
k ,and k ). Usea spreadsheet to sum-
marize the different landscape areas and
the associated factors.

2. Caleulate the landscape coefficient
(K, ) for each landscape area using the ap-

propriate landscape factors and Equation 1.

3. Calculate the specific landscape evapo-
transpiration rate (FT ) of each landscape

area using the LUITEprIlleU landscape

cocfﬁt:iem (K,) and the ET, formula in
Equation 2.

4. Calculate the TPWA to each landscape
area using Equation 3 and the applicable
surface area, specific [andscape evapotrans-
piration rate and irrigation efficiency data.
Repeat the above steps for the baseline case
using conventional plant species and plant
densities as determined by the project’s land-
scape consultant. Differences between the
two cases result from plant species choices,
plant densities and irrigation system choices.
Planting types should approximately cor-
respond in both the baseline and design
cases (1.e., it is unreasonable to assume that

Table 2: [I‘I’IL_“J[I()r‘I Types

'—_‘.\ -t
I

Sprinkler

Drip




Equation 3:

ETL [in]

TPWA [gal] = A [SF] x

the baseline is 100% turferass if a project
clearly intends to include trees, shrubs and
planting beds). Do not change the land-
scape areas, microclimate factors or refer-
ence evapotranspiration rates,

An example of irrigation calculations is
presented below. An office building in
Austin, Texas, has a rotal site area of 6,000
square feet. The site consists of three land-
scape types: groundcover, mixed vegeta-
tion and turf grass. All of the site areas
are irrigated with a combination of po-
table water and graywater harvested from
the building. The reference evapotrans-
piration rate (ET,) for Austin in July was
obtained from the local agricultural data
service and is equal to 8.12.

The high-efficiency landscape irrigation
case utilizes drip irrigation with an effi-
ciency of 90% and reuses an estimated
9,000 gallons of graywater during the
month of July. Table 3 shows the calcu-

Table 3: Design Case (July)

s pecies
Factor

Landscape

Type Area

[SF] (ke)

lations to determine potable water use for SS

EA IMR|EQ|ID
the design case.

Credit 1

The baseline case uses the same reference
evapotranspiration rate and total site area.
However, the baseline case uses sprinklers
for irrigation (IE = 0.625), does nor take
advantage of graywater harvesting, and uses
only shrubs and turf grass. Calculations to
determine porable water use for the baseline
case are presented in Table 4.

The example illustrates that the design
case has an irrigation water demand of
23,474 gallons. Graywater reuse provides
4,200 gﬂlnns towards the demand, and
this volume is treated as a credit in the
water caleulation. Thus, the total potable
water applied to the design case in July is
19,274 gallons. The baseline case has an
irrigation demand of 62,518 gallons and
reuses no graywater. The difference be-
tween the two cases results in potable
water savings of 69% for the design case.
It is important to note that the LEED
calculation provides an indicartion of the
general efficiency gains provided by the
green design. For more accurate under-

Microclimate
Factor

{ i)

Shrubs 1200  Low 02  Avg 1.0 High 13 03 211  Drip 2815
Mixed 3,900 Low 0.2 Avg 1.1 High 14 0.3 250 Drip 10,837
Turfgrass 900 Avg 07 Avg 1.0 High 12 08 6.82 Sprinkler 9,822
Subtotal [gal]  23.474

July Graywater Harvest [gal] (4,200)

Net GPWA [gal] 19,274

Table 4: Baseline Case (July)

Species
Factor

Landscape

Type T

: ISF] (ks
Shrubs 1,200 Avg 05
Turfgrass 4,800 Avg 07

Density
Factor

Microclimate
Factor

fles) R (7
Avg 1.0 High 1.3 07 528  Sprinkler 10,134
Avg 1.0 High 1.2 0.8 682  Sprinkler 52,384

Net GPWA [gal] 62,518
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Equation 4:

standing of warer use and efficiency op-
portunities, an annual water balance is
required. For example, graywater volumes
may or may not be consistently available
throughout the year because these vol-
umes are dependent on building occupant
activities. In a typical office building,
graywater volumes will change slightly
due to vacation schedules and holidays
bur should be relativély consistent over
the year. In contrast, graywater volumes
in a school building will substantially de-
crease in summer months as a result of
reduced building occupancy, and, there-
fore, graywater volumes may not be avail-
able for irrigation. Graywater systems
should be modeled o predict graywater
volumes generated on a monthly basis as
well as optimal storage capacity of the
graywater system. It is also important to
address possible treatment processes
needed for reuse and design of a makeup
water system if graywater volume is not
sufficient to satisfy reuse demands.

Rain harvest volume depends on the
amount of precipitation that the project
site experiences and the rainwater collec-
tion surface’s arca and efficiency. See
Equation 4 and consult a rainwater har-
vesting guide for more derailed instruc-
tion. Rainfall darta is available from the
local weather service (see the Resources
section). Within the credit calculations,
project teams may cither use the collected
rainwater total for July based on histori-
cal average precipitation, or use the his-
rorical dara for each month in order to
model collection and reuse throughout
the year. The latter method allows the
project team to determine what volume
of water is expected to be in the storage
cistern at the beginning of July and add
it to the expected rainwater volume col-
lected during the month. This approach

also allows the project team to determine
the optimal size of the rainwater cistern.

Resources

Web Sites

American Rainwater Catchment Sys-
tems Association

WWW.AICsd-usa. org

Includes a compilation of publications,
such as the Texas Guide to Rainwarer Har-
vesting.

A Guide to Estimating Irrigation Needs
of Landscape Plantings

V\W\:V\«'.t:)wut:.WaL‘el'.czt.gnw’docsaf

wucols00.pdf, (916) 653-1097

Provides detailed methodology for calcu-
lating irrigation needs for a wide variety
of landscape types. Also includes specific
data for California climares.

The Irrigation Association

www.irrigation.org/about_et_list.htm,

(703) 536-7080

A nonprofit organization focused on pro-
moting products for the efficient use of
water for irrigation applications. This
specific Web link is for evapotranspira-
tion data contacts for each ULS. state.
National Climatic Data Center

www.ncdc.noaa.gov/oa/climate/
stateclimatologists.html

Useful for researching local climate data,
such as rainfall data for rainwater harvest-
ing calculations. Includes links to state
climate offices.

Native Plant Sccieties

Your state or regional native plant society
is an excellent resource for identifying cli-
mate-appropriate vegeration.

Rainwater Volume [gal] = collection area [SF] x collection efficiency [%] x average rainfall [in] x 0.6233 gal/in

LS. Green Building Council
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Texas Evapotranspiration Web Site
rexaset.tamu.edu/index.php

An evapotranspiration data Web site for
the State of Texas with a discussion of
evapotranspiration and sprinkler efficien-
cies.

U.S. Department of the Interior — Bu-
reau of Reclamation

www.usbr.gov/main/water

The Bureau's Agrimer Data System pro-
vides evapotranspiration rates for several
regions in the U.S.

WaterWiser: The Water Efficiency
Clearinghouse

www.waterwiser.org, (800) 926-7337

A Web clearinghouse with articles, refer-
ence matertals and papers on all forms of
water efficiency.

Water Efficient Landscaping
muextension.missouri.cdu/xplor/
agguides/hort/g06912.hem, (573) 882-
7216

A Web site that has general descriptions
and strategies for water efficiency in gar-
dens and landscapes.

Print Media

ASCE Manuals and Reports on Engi-
neering Practice No. 70, “Evapotrans-
piration and Trrigation Water Require-
ments,” ASCHE, 1990,

Estimating Water Requirements of
Landscape Plantings, University of Cali-
fornia Cooperative Extension, Division of
Agriculture and Natural Resources, Leal-
ler 21493.

Landscape Irrigation: Design and Man-
agement, by Stephen W. Smith, John
Wiley and Sons, 1996.

Turf Irrigation Manual, Fifth Edition,
by Richard B. Choate, Telsco Industrics,
1994,

Definitions

Blackwater is wastewater from toilets and
kitchen sinks that contains organic ma-
terials.

Drip Irrigation is a high-efficiency irriga-
tion method in which water drips o the
soil from perforated tubes or emitters.

Evapotranspiration is the loss of water
by evaporation from the soil and transpi-
ration from plants,

Graywater is wastewater from lavatories,
showers, bathtubs, washing machines and
stnks thatare not used for disposal of haz-
ardous or toxic ingredients or wastes from
food preparation.

Potable Water is warer that is suitable for
drinking and is supplied from wells or
municipal water systems.

Xeriscape or “dry landscape” designs
adopt water conservation as the primary
objective. Xeriscape landscapes are based
on sound horticultural pracrices and in-
corporate native plant species that are
adapted to local climare conditions.

B weEN

Credit 1
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Credit 1

Case Study

Monsanto Company Life Sciences Incubator
St Louis, Missouri

The Monsanto Company Life Sciences Incubator building is a
LEED Version 1.0 Silver Pilot Project that houses research facili-
ties committed to finding solutions to growing global needs for
food and health. The building design was inspired by a circular
stone Shaker barn in New England and includes two above-ground
cisterns to harvest rainwater volumes from the roof for landscape
irrigation. Rainwater is collected via a passive graviry-fed collec-
tion system and up to 12,000 gallons of water can be stored in
the cisterns. This water is then applied manually to the land-
scape as needed, saving an estimated 28,000 gallons of porable

[ water ann Lm] }y Canirtesy af Mansante Company
Chaner
Monsanlo Company

U.S. Green Buildin_g Council =
90
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Innovative Wastewater Technologies Credit 2

Reduce generartion of wastewater and potable water demand, while increasing the local
aquifer recharge.

Requirements

Reduce the use of municipally provided potable water for building sewage conveyance
by a minimum of 50%, OR treat 100% of wastewater on site to tertiary standards.
Submittals

' Provide the LEED Letter Template, signed by the architect, MEP enginecr or
responsible party, declaring that water for building sewage conveyance will be re-
duced by at least 50%. Include the spreadsheer calculation and a narrative demon-
strating the measures used to reduce wastewater by at least 50% from baseline
conditions.

OR

I Provide the LEED Letter Template, signed by the civil engineer or responsible
party, declaring that 100% of wastewater will be treated to tertiary standards on
site. Include a narrative describing the on-site wastewater treatment system.

Summary of Referenced Standard

There is no standard referenced for this credit.

S S LEED-NC Version 2.1 Reference Guide
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Synergies

SS Credit 1

Site Selection

SS Credit 5

Reduced Site
Disturbance

SS Credit 6
Slormwaler
Management

WE Credil 3

Water Use Reduction

EA Prerequisite 1
Fundamental Building
Systems Cormnmissioning
EA Prerequisite 2
Minimum Fnergy
Performance

EA Credit 1

Optimize Energy
Performance

EA Credil 3
Additional
Commissioning

EA Credil 5
Measurement &
Verification

MR Credit 1

Building Reuse
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Green Building Concerns

Conventional wastewiter systems require
significant volumes of potable warter to
convey waste to municipal wastewater
treatment facilities. However, graywater
volumes from sinks, showers and ocher
sources can be substituted for potable
warer to tlush toilets and urinals. Water
can also be harvested from roof runoff
volumes rthar would otherwise be ab-
sorbed into the ground or released to lo-
cal water bodies. Low-flow fixtures, au-
tomatic controls, and dry fixtures such
as composting toilets and waterless uri-
nals can be used to reduce sewage vol-
ume generation.

Once wastewater has been conveyed to
treatment facilities, extensive treatment is
required to remove contaminants before
discharging to a receiving water body. A
more efficient method tor handling waste-
water is to treat it on-site. On-site waste-
water strategies reduce regional wastewa-
ter infrastructure costs as well as provide
autonomy from the public treatment
works. A variety of on-site wastewater
treatment options are available including
conventional biological treatment facili-
ties similar to regional treatment plants
and “living machine” systems that mimic
natural processes to treat wastewater.

Environmental Issues

On-site wastewater treatment systems
transform perceived “wastes” into re-
sources that can be used on the building
site. These resources include treated wa-
ter volumes for porable and non-patable
use, as well as nurrients that can be ap-
plied to the site to improve soil condi-
tions. Reducing wastewater trearment at
the local wastewater treatment works
minimizes public infrastructure, energy
use and chemical use. In rural areas, on-
site wastewater treatment systems avoid
aquifer contamination problems prevalent
in current septic system technology.

Economic Issues

Commercial and industrial facilides chat
gcﬂcrﬁrc l:ll.—gc amounts UF wastewater can
realize considerable savings by recycling
graywater. For example, carwashes and
rruck maintenance facilities generate large
volumes of graywarer that can be effectively
treated and reused. Often, a separate tank,
filter and special emitters are necessary for
a graywarer irrigation system. The dual
plumbing lines installed during initial con-
struction will approximately double the cost
of plumbing. However, water storage is the
highest cost in any rainwater collection sys-
tem, much greater than costs for the carch-
ment area, water conveyance, filtration and
distribution components. Storage tanks and
cisterns in a variety of sizes and materials
are regionally available. In some systems,
there are additonal energy costs required
for operation.

Water recovery systems are most cost-effec-
tive in areas where there is no municipal
water supply, where the developed wells are
unreliable, or if well water requires treac-
ment. Collecting and using rainwater or
other site water volumes reduces site ranoft
It also

minimizes the need for utility-provided

and the need for runoff devices.

water, thus reducing some initial and oper-
ating costs, [n some areas with a decentral-
ized population, collection of rainwater of-
fers a low-cost alternative to a central piped
water supply.

Wastewater treatment systems and water
recovery systems involve an initial capital
invesrment in addition to the mainte-
nance requirements over the buildings
lifetime. These costs must balance with
the anticipated savings in water and sewer
bills. This savings can minimize the
amount of potable water thar a munici-
pality must provide, thereby leading to
more stable water rates.

A constructed wetland for wastewater
rreatment can add value to a development
as a site enhancement, Wetlands are ben-
eficial because they provide Hood protec-




tion and stabilize soils on site. Currently,
packaged biological wastewater systems
have an initial high cost relative to the
overall building cost due to the novelry
of the technology.

Community Benefits

By reducing potable water use, the local
aquifer is conserved as a water resource
for future generations. In arcas where
aquifers cannot mect the needs of the
population economically, rainwater and
other recovered water is the least expen-
sive alternarive source of water. Reserv-
ing potable water only for specific appli-
cations benefits the entire community
through lower utility rates and taxes.

Design Approach

Strategies

Develop a wastewater inventory and de-
termine areas where graywater can be used
for functions that are conventionally
served by porable water. These functions
might include sinks, showers, toilers,
landscape irrigation, industrial applica-
tions and cusrodial applications. Also
estimate the demand for these applica-
tions and the availability of graywarer gen-
erated on the site. Finally, determine the
amount of wastewater that will require
crearment and select the most suitable
treatment strategy.

Potable water is used for many functions
that do not require high-quality water.
Graywater systems reuse the wastewater
from sinks, showers and other sources for
the flushing of toilets, landscape irriga-
tion, and other functions that do not re-
quire potable water. Roof-water or
groundwater collection systems harvest
water that otherwise would be absorbed
into the ground or released to local water
bodies. Ifitis likely that a graywarer sys-
rem will be used in the future, install dual
plumbing lines during the initial con-
struction to avoid the substantial costs and

difficulty in adding them later.

Figure 1 depicts an example design for

rain harvesting reuse. Precipitation vol-
umes are captured on the roof and rrans-
ported to a basement storage tank via
gutters and downspouts. The basement
storage rank has an overflow device if the
volume of runoff exceeds capacity and
potable water makeup (***device?) if the
runoff volume is less than the minimum
volume required for reuse. The runoff
volumes are then filtered and pumped to
water closets and washing machines in the
building as needed.

Check with the local health department
for regulations governing the use of a
graywater system and the permits re-
quired. Each state has its own standards
for graywater irrigation systems. Texas
and California, for example, have stan-
dards that encourage the use of graywater
systems.  Other states have regulations
that may limit or prohibit graywarer use.
[n many areas, irrigation with graywater
must be subsurface, although some re-
gions allow above-ground irrigation.

Consider an on-site wastewater treatment
system such as construcred wetlands, a
mechanical recirculating sand filter, or an
aerobic biological treatment reactor.

Technologies

The construction of artificial wetlands for
wastewater treatment can be inCDl'pDI“J.Ifed
on multiple scales to accommodare
projects ranging from individual build-
ings to larger developments. As waste-
water moves through the wetlands or bod-
ies of water, plants and microbes natu-
rally remove water contaminants. An-
other technology involves creating an
aquaculrure system, where contaminants
in the wastewater become food for fish
and plants.

Remember to check with local health
code departments regarding current regu-
lations governing the use of biological
wastewater systems. Most require permits
for these systems. Regularly scheduled

Credit 2
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Rain Harvest
Scuppers

Rain Leader

Low Flow ——
Fixtures ~8

Lifting Pump

Storage Tank

Potable Supply

Figure 1: An [llustration of a Rain Harvesting System

maintenance on these systems will in-
crease their lifetimes and reduce opera-
tions problems. An EPA study found that
ecological systems are comparable in cost
to conventional wastewarer treatment
only for yolumes of 50,000 gallons per
day or less. Anaquaculture system is usu-
ally a high-cost and high-maintenance
system, yet it can yield food and fertilizer
in return.

Modular wastewater treatment systems
can be purchased to remove wastewarter
contaminants including TSS and TP
Some systems imitate natural ccosystems
to treat wastewater volumes biologically
while other systems are designed with
physical, chemical and biological tech-
nologies similar to publicly owned treat-

ment works. Both types of systems pro-

ceaaea e

duce effluents that can be used for non-
potable applications such as irrigation and
toilet flushing.

Synergies and Trade-Offs

The necessity and availability of waste-
water reuse and treatment strategies is
heavily influenced by the building loca-
tion. In remote locations, it may be cost-
effective to use an on-site wastewater treat-
ment system.

Conversely, a project locared in a dense

‘area with lirtle site area, and wich limited

wastewater treatment, graywater or
stormwater reuse facilities, may not be
able to caprure this credit. This credit
has close ties to water efficiency effores
because a greater amount of portable wa-
ter saved often results in less blackwarer




generated. For instance, water efficient
water closet and urinal fixtures not only
reduce porable water demand but also
reduce blackwater volumes created. Thus,
performance results will often overlap
with those of WE Credit 3.

Energy use may be needed for trearment
plant operation or for reuse strategies.
These systems also require commission-
ing and measurement & verification at-
tention. Reuse of an existing building
could hinder adoption of an on-site waste-
water treatment facility.

Calculations

The following calculation methodology is
used to support the credit submitrals listed
on the first page of this credit. Wastewater
calculations are based on the annual gen-
eration of blackwater volumes from plumb-
ing fixtures such as water closets and uri-
nals. The calenlations compare the design
case with a baseline case. The steps to cal-

culate the design case are as follows:

1. Create a spreadsheet listing each type
of blackwarer-generating fixture and fre-
quency of use data. Frequency-of-use data
includes the number of female and male
daily uses, and the sewage generated per
use. Using these values, calculate the to-
tal sewage generared for each fixture type
and gender (see Equation 1).

2. Sum all of the sewage generation volumes
used for each fixture type to obtain male and
female daily sewage generation volumes.

Equation 1:

Sewage
Volume

Equalion 2:
Daily Sewage
Generation

Male

Equation 3:

Annual Sewag.e[ = Total Sewage | gal

Generation

[gal] = Uses x Duration [mins or flushes] x

[gal] = Occupants

Generation | gay

3. Multiply the male and female sewage
generation volumes by the number of
male and female building occupants and
sum these volumes to obtain the daily
total sewage generation volume (see
Equation 2).

4. Multiply the total daily sewage volume
by the number of workdays in a typical
year to obtain the total annual sewage
generation volume for the building (sce
Equation 3).

5. IF rainwater harvest or graywater reuse
strategies are employed in the building,
subtract these annual volumes from the
annual sewage generation volume. The re-
sult shows how much potable water is
used for sewage conveyance annually.

Repear the above calculation methodol-
ogy for the baseline case. Use Energy
Policy Act of 1992 fisture flow rates for
the baseline case (see WE Credit 3, Table
1). Do not change the number of build-
ing occupants, the number of workdays,
or the frequency data. Do not include
graywater or rainwater harvest volumes.
Table 1 shows example potable water
caleulations for sewage conveyance for a
two-story office building with a capacity
of 300 occupants. The calculations are
based on a typical 8-hour workday. It is
assumed that building occupants are 50%
male and 50% female. Male occupants
are assumed to use water closets once and
urinals twice in a typical work day. Fe-

Credit 2

Water Volume [gal]

Use [min or flush]

Female

Male Sewage [gal] + Bcimanis

Generation

x Workdays [days]

Female Sewage
Generation

[gal]
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Table 1: Design Case

Fixture Type

Flowrate

[GPF]

Low-Flow Water Closet (Male) 0 1A 150 “ 0
Low-Flow Waler Closet (Female) 3 1.1 150 495
Composling Toilel (Male) 1 0.0 160 0
Composting Tollet (Female) 0 0.0 150 0
Waterless Urinal (Male) 2 0.0 150 0
Walerless Urinal (Female) 0 0.0 150 0
Total Daily Volume [gal] 495

Annual Work Days 260

Annual Volume [gal) 128,700

Rainwalter or Graywalter Reuse Volume [gal] (36,000)

TOTAL ANNUAL VOLUME [gal| 92,700

male occupants are assumed to use water
closers three times.

First, the design case is considered to de-
termine annual potable water usage for
sewage conveyance. The designed build-
ing has fixtures thar use non-potable wa-
ter for sewage conveyance (i.c., rainwa-
ter) or no water for sewage conveyance
(i.e., waterless urinals and composting
wilets). Table 1 summarizes the sewage
generation rates and indicares thar 92,700
gallons of potable water are used annu-
ally for sewage conveyance.

When using graywater and rainwater
volumes, calculations are required to
demonstrate that these reuse volumes are
sufficient to meet water closet demands.
These quantities are then subtracred
from the gross daily toral becanse they
reduce potable water usage. In the ex-
ample, 36,000 gallons of rainwater are
harvested and directed ro water closers

for Alushing.

Next, the baseline potable water usage for
sewage conveyance is developed using
conventional fixtures that comply with
the Energy Policy Act of 1992. Toilets
are 1.6 gallons per flush (GPF) and uri-

nals are 1.0 GPE All fixoares drain to the
existing municipal sewer system.

Table 2 provides a summary of baseline
calculations. The baseline case estimates
that 327,600 gallons of potable water per
year for sewage conveyance.

Comparison of the baseline to the de-
signed building indicates that a 72% re-
duction in potable water volumes used for
sewage conveyance is realized (1 - 92,700/
327,600). Thus, this strategy earns one
point for this credit. When developing
the baseline, only the fixtures, sewage gen-
cration rates and the water reuse credit
are different from the designed building.
Usage rates, occupancy and number of
workdays are identical for the designed
case and the bascline case. See Table 3
for sample fixture How rates.

When reusing graywater volumes from
the building, it is necessary to model the
system on an annual basis to determine
graywater volumes, generated storage ca-
pacity of the system and any necessary
treatment processes before reusing the

water volumes. Graywater volumes may

or may not be consistently available
throughout tht‘.' vear bCCaU.SC tl]ﬂ:s(: VUI.'



Table 2: Baseline Case
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Credit 2

fl Fixture Type Flowrate
[SPE, gal]
Water Closet (Male) 1 1.6 150 240
Water Closet (Female) 3 1.8 150 720
Urinal (Male) 2 1.0 150 300
Urinal (Female) 0 1.0 150 0
Total Daily Volume [gal] 1,260
Annual Work Days 260
TOTAL ANNUAL VOLUME [gal] 327,600

Table 3: Sample Fixture Types and GPFs

Conventional Water Closet 1.6
Low-Flow Water Closet 120
Ultra Low-Flow Water Closet 0.8
Composting Toilet 0.0
Conventional Urinal 1.0
Waterless Urinal 0.0

umes are dependent on building occupant
activities. For instance, in a rypical office
building, graywater volumes will change
slightly due to vacation schedules and
holidays but should be relatively consis-
tent over the year.

In contrast, graywater volumes in a school
building will substantially decrease in
summer months due to the school calen-
dar, and, therefore, graywater volumes
may not be available for irrigation.

If the project uses rainwater volume as a
substitute for porable volumes in water
closets or urinals, it is necessary to calcu-
late warer savings over a time period of
one year. Rain harvest volume depends

on the amount of precipitation that the
project site experiences and the rainwater
collection surface’s area and efficiency. See
Equation 4 and consult a rainwater har-
vesting guide for more detailed instruc-
tion. Rainfall data is available from the
local weather service (see the Resources
section). Rainwater volume depends on
variations in precipitation, and, thus, it is
necessary to model the reuse strategy on
an annual basis. A model of rainwater
capture based on daily precipiration and
occupant demand is helpful to determine
the rainwater yolumes captured and stor-
age tank size. Subtract annual rainwater
use for sewage conveyance in the design
case caleulations.

Resources

Web Sites

American Rainwater Catchment Sys-
tems Association

WWW.arcs a‘—uisa.org

Includes a compilation of publications,
such as the Texas Guide to Rainwater Har-
vesting.

Equation 4:

Rainwater Volume [gal] = collection area [SF] x collection efficiency [%] x average rainfall [in] x 0.6233 gallin

_ LEED-NC Version 2.1 Reference Guide
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Credit 2

Case Study

How to Conserve Water and Use it

Wisely
www.epa.gov/OW/you/chap3.html

A U.S. EPA document that provides guid-
ance for commercial, industrial and resi-
dential water users on saving water and
reducing sewage volumes.

National Climatic Data Center

www.ncdc.noaa.govioa/climare/
stateclimatologists. heml

Useful for researching local climate data,
such as raintall daa for rainwarer harvest-
ing caleulations. Includes links to state
climarte offices.

Print Media

Constructed Wetlands for Wastewater
Treatment and Wildlife Habitat: 17
Case Studies, EPA 832/B-93:005, 1993,
Mechanical & Electrical Equipment for
Buildings, Eighth Edition, by Benjamin

Stein and John Reynolds, John Wiley and
Sons, 1992,

Sustainable Building Technical
Manual, Public Technology, Inc., 1996
(www.pti.org).

C.K. Choi Building for the Institute of Asian Research
Vancouver, British Columbia

The C.K. Choi Building for the Institute of Asian Research ar
the University of British Columbia is a campus research build-

LS, Green Building Council
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ing. The building incorporates two strategies to reduce wastewa-
ter generation. All toilets in the building are composting toilets
that function without water and transform human wastes into
compost that can be applied to the site landscape. Liquid wastes
from the composting roilets and other building sources (lavato-
ries, kitchen sinks and urinals) are directed through a simulated
wetland system. This system doubles as a landscape feature next
to the building and treats the liquid wastes before application to
. thesite landscape.  These strategies allow for the building to be
\ disconnecred from the existing sanitary sewer infrascructure.

Definitions

Aquatic Systems are ccologically de-
signed treatment systems that utilize a
diverse community of biological organ-
isms (e.g., bacteria, plants and fish) to
treat wastewater to advanced levels.

On-Site Wastewater Treatment uses lo-
calized treatment systems to transport,
store, treat and dispose of wastewarer vol-

umes generated on the project site.

Potable Water is defined as wacer thac
meets drinking water quality standards
and is approved for human consumption
by the state or local authorities having
jurisciction.

Tertiary Treatment is the highest form
of wastewater trearment and includes re-
moval of organics, solids and nutrients as
well as biological or chemical polishing,
generally to effluent limits of 10 mg/L.
BOD, and 10 mg/L.'TSS.

Also see WE Credit 1 definitions.

Caettay OF Palieling Caneiliing L1

Owner
University of British Columbia
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Water Use Rec_lu_ction_ Credit 3.1

20% Reduction '
1 point

Intent

Maximize water efficiency within buildings to teduce the burden on municipal water
SUI')I_‘II}' d.rll.‘l wastewalter .‘iyﬁl.l‘.’.n]h‘.

Requirements

Employ steategies that in aggregate use 20% less water than the water use baseline
caleulated for the building (not including irrigation) after meeting the Energy Policy
Act of 1992 fixture petformance requirements.

Submittals

- Provide the LEED Letter Template, signed by the MEP engineer or responsible
party, declaring that the project uses 20% less water than the baseline fixture per-
formance requirements of the Energy Policy Act of 1992.

4 Provide the spreadsheer caleulation demonstrating that water-consuming fixtures
specified for the stated occupancy and use of the building reduce occupancy-based
potable water consumption by 20% compared to baseline conditions.

_ LEED-NCVersion 2.1 Reference Guide
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Credit 3.2

Water Use Reduction

1 point
in addition to
WE 3.1

.S, Green Building Council
100

30% Reduction

Intent

Maximize water efficiency within buildings to reduce the burden on municipal warter
supply and wastewater systems.

Requirements

Employ strategies that in aggregate use 30% less water than the water use baseline
calculated for the building (not including irrigation) after meeting the Energy Policy
Act of 1992 fixrure performance requirements.

Submittals

2 Provide the LEED Letter Template, signed by the MEP engineer or responsible
party, declaring that the project uses 30% less water than the baseline fixture per-
formance requirements of the Energy Policy Act of 1992.

[ Provide the spreadsheet calculation demonstrating that water-consuming fixtures
specified for the stated occupancy and use of the building reduce occupancy-based
potable water consumption by 30% compared to baseline conditions.

Summary of Referenced Standard
The Energy Policy Act (EPAct) of 1992

This Act was promulgated by the U.S. government and addresses energy and water
use in commercial, institurional and residential facilities. The water usage require-

ments of the Energy Policy Act of 1992 are provided in Table 1.

Table 1: EPACT Fixture Ratings

Energy Policy Act of 1992

Flow Requirement
Water Closets [GPF] 16
Urinals [GPF] 1.0
Showerheads [GPM]* 2.5
Faucets [GPF]* 2.5
Replacement Aerators [GPM]* 25
Metering Faucels [gal/CY] 0.25

*At flowing water pressure of 80 pounds per square inch (psi)




Green Building Concerns

The Energy Policy Act of 1992 established
warer conservation standards for warter
closets, shower heads, faucers and other
uses to save the United States an estimated
6.5 billion gallons of water per day. Toi-
ler flushing uses the most water in resi-
dential and commercial buildings, ac-
counting for approximately 4.8 billion
gallons per day. Older roilets use 4 o 8
gallons of water per Hush, while all new
toilets must have a maximum flush vol-
ume of 1.6 gﬂllons.

While the EPAct is a good starting point,
[h(_'l_{: dare lTllll'l'V W'JYS [K4) CXCL‘L'('I [hi.’s' Sran-
dard and achieve even greater water sav-
ings. Etfective methods to reduce potable
water use include reusing roof runoff vol-
umes for non-potable applications, in-
stalling sensors and flow restrictors on
water fixtures; and installing dry fixtures
such as composting toilets and waterless
urinals.

Environmental Issues

The reduction of potable water use in
buildings for toilets, shower heads and
faucets reduces the rotal amount with-
drawn from rivers, screams, underground
aquifers and other water bodies. Another
benefit of potable water conservation is
reduced energy use and chemical inputs
at municipal water treatment works.

Economic Issues

Reductions in water consumption mini-
mize overall building operating costs. Re-
ductions can also lead o more stable
municipal taxes and water rates. By han-
dling l‘{fduccd water VOIUITICS. water rreat-
ment faciliies can delay expansion and
maintain stable water prices.

Accelerated installation of high-efficiency
plumbing fixtures, especially 1.6 gallon
per flush (GPF) toilets, through incen-
tive programs has become a cost-effective
way for some municipalities to defer, re-

duce or avoid capiral costs of needed wa-
ter supply and wastewater facilities.

For example, New York City invested
$393 million in a 1.6 GPF toilet-rebate
program thar has reduced warer demand
and wastewater flow by 90.6 million gal-
lons per day (MGD), equal to 7% of the
city’s total water consumption. The rebate
program accomplished a net present value
savings of $605 million from a 20-year
deterral of water supply and wastewater
treatment expansion projects.  Another
successtul warer efficiency program was
instituted in Santa Monica, where the
toilet replacement program achieved per-
manent reductions in water usage and
wastewater flows of over 1.9 MGD, rep-
resenting a 15% reduction in average to-
tal water demand and a 20% reduction
of average total wastewarer flow. The cost
of the rebate program was $5.4 million.

The program will have a net savings of

$6 million in the year 2002 due to avoided
COSUS Ui: waler ill!p()l'['h‘ QU'ILI wastewater
treatment,

Water-conserving fixrures thar use less
water than requirements in the Encrgy
Policy Act of 1992 may have higher ini-
tial costs.  Additionally, there may be a

longer lead time for delivery because of

their limited availabiliry.

The first cost of composting toilets is sig-
nificantly higher than conventional wa-
ter closets and they may initially require
addirional maintenance atrention. Some
composting toilets also carry an ongoing
energy cost to run {ans and other system
equipment. Nonetheless, significant op-
erational savings are realized through
climinated potable water use and sewage
generation.

Community Issues

Warter use reductions, in aggregare, allow
municipalities to reduce or defer the capi-
tal investment needed for water supply
and wastewarter trearment infrastructure.
These strategies protect the natural warer

sS A [MR[EQ| 1D

Credit 3

Synergies

SS Credit 1
Site Selection
S8 Credit 5
Redluced Sile
Disturbance

SS Credit 6
Stormwater
Managemen|

WE Credit 1

Waler Efficient
Landscaping

WE Credit 2
Innovative Wastowaler
Technalogies

EA Prevequisile 1
Fundamental Building
Systems Conrmissioning
EA Prerequisite 2
Minimurm Froegy
Performance

FA Credit 1

Optirmze Energy
Ferformance

EA Credit 3
Additional
Commissioning

EA Credit 5
Measuramaent &
Verthcation

LEED-NCVersion 2.1 Reference Guide

101




S we BN

Credit 3

U.S. Green Building Council
102

cycle and save water resources for future
generations.

Design Approach

Strategies

Develop a water use inventory thar in-
cludes all water-consuming fixtures,
equipment and seasonal conditions ac-
cording to the methodology outlined in
the Calculations section. Consider de-
veloping the inventory in conjunction
with WE Credit 2. Use this to identify
significant potable water demands and
determine methods to minimize or elimi-
nate these demands.

Specify warter-conserving plumbing fix-
tures that exceed the fixture requirements
stated in the Energy Policy Act of 1992.
Consider ultra-high efficiency fixture and
control technologies, including roilets,
faucets, showers, dishwashers, clothes
washers and cooling towers. A variety of
low-flow plumbing fixtures and appli-
ances are currently available in the mar-
ketplace and can be installed in the same
manmner as conventonal fxtures.

Technologies

Water-efficient shower heads are available
that require less than 2.5 GPM. Bath-
room faucets are typically used only for
wetting purposes and can be effective with
as little as 1.0 GPM. Water-saving faucet
acrators can be installed that do not
change the feel of the water flow. Specify
self-closing, slow-closing or electronic sen-
sor faucets, particularly in high-use pub-
lic arcas where it is likely that faucers may
be carelessly left running.

Water closets are a significant user of po-
table water. There are a number of toi-
lets that use considerably less than 1.6
GPF, including pressure-assisted toilets
and dual flush roilets that have an option
of 0.8 GPF or 1.0 GPE Unfortunately,
itis currently difficult to obtain these fix-
tures in North America.

Consider dry fixtures such as waterless uri-
nals and composting toilets. These tech-
nologies use no water volumes to cope
with human waste. Waterless urinals use
advanced hydraulic design and a buoy-
ant fluid instead of water ro maintain sani-
tary conditions. Composting roilets mix
human waste with organic material to
produce a nearly odorless end product
that can be used as a soil amendment.
These fixtures have been used successfully
burto alimited extent in commercial set-
tings. Composting toilets may not be
acceptable by health code departments in
some areas, and, thus, it is important to
check with the local health code depare-
ment to uncover regulations governing
the use of both composting toilets and
waterless urinals.  Also, if the building
allows for public access to restroom fa-
cilities, it is important to educate users
about system operation and purpose.
Signage in restrooms is a good way to
educate users, and signs should include
instructions and a brief description of how
the system functions. This is especially
true for composting roilets that do nor
function in the same manner as conven-
rional water closets.

Consider specifying water-efficient cool-
ing towers thar use delimiters 1o reduce
drift and cvaporation. Couple cooling
TOWETrS \'\r’ith warcr IICCU\"EFY Systt‘l—ﬂs to
operate with graywater or stormwater
volumes. However, keep in .mind that
delimiters may require larger fans in the
cooling tower system, resulting in in-
creased energy use.

Synergies and Trade-Offs

Water use strategies depend on the site
location and site design. Project sites with
no access to municipal potable water ser-
vice typically use groundwater wells to
satisfy potable water demands. Sites with
significant precipitation volumes may
determine that reuse of these volumes is
more cost-cffective than creating
stormwater treatment facilities. Porable




water use is significant for irrigation ap-
plications and is directly correlated with
the amount of wastewater generated on-
site. Strategies and performance results
may overlap with those of WE Credir 2.

Some water-saving technologies impact
encrgy performance and require commis-
sioning and measurement & verification
attention, Reuse of existing buildings may
hinder water efficiency measures due o
space constraints or existence of plumb-
ing fixtures.

Calculations

The following calculation methodology
is used o support the credic submictals
listed on the firse page of this credit. To
calculate the porable water savings for a
building, the design case must be com
pared with a baseline case. The steps to
caleulate the design case are as follows:
1. Create a spreadsheet listing cach wa-
ter-using, fixeure and frequency-of-use
data. Frequency-of-use data includes the
number of female and male daily uses, the
duration of use, and the water volume per
use.  There are no set criteria for deter-
mining daily use or duration of use. Ap-
plicants can estimate both of these items
based on the project’s program require:
ments. With these values, caleulate the
total potable water used for each fixture
type and gender (sce Equation 1),

2. Sum all of the water volumes used for
cach fixture type to obtain male and fe-

Equation 1;

Potable Waler
Use

Equation 2:

Daily Potable

Equalion 3:

Total Potable

[gal] = Uses x Duration [mins or flushes] x

[gal] = Male
Water Volume 1991 = Occupants

(gal] = Water Use
Water Use 1991 = Occupant - Day

male total daily potable water use.

3. Multiply male and female porable wa-
ter volumes by the number of male and
female building occupants and sum these
volumes to obtain the daily total potable
water use volume (see Equation 2).

4. Multiply total daily potable water vol-
ume by the number of workdays in a typi-
cal year to obtain the total annual potable
water yolume use for the building. 1f rain-
WALer hilr\«"L‘S[ ar gl’a}r’W:tI'Cl' reuse strate-
gics are employed in the building, sub-
tract these annual volumes from the roral
potable water use (sce Equation 3),
Repeat the above caleulation methodol-
ogy for the baseline case. Use FPAct fix-
ture How rares for the baseline case. Do
not change the number of building occu-
pants, the number of workdays or the fre-
quency data. Do not include graywater
or rainwater harvest volumes.  Sample
flush and flow fixture flow rates are pro-
vided in Table 2 and Table 3.

An example potable water use caleulation
is included for a two-story office build

ing with a capacity of 300 persons. Oc-
cupant fixtures that use potable water in-
clude water closets, urinals, lavatories,
kirchen sinks and showers. Calculations
are based on a typical 8-hour workday and
260 workdays per year.

It is assumed thar building occupants are
50% male and 50% female, Male oceu-

[Py are assumed to use warer (.'I()Sffl’,\_ onoe

Male Sewage [gal] + Female
Generation 9 Occupants

[g_al} x Occupants x
day

Workdaysﬂ
Year

Credit 3

Water Volume [gal]

Use [min or flush]

Female Sewage
Generation [gal]

Annual Graywater [gal]
or Rainwater Harvest '9

o LEED-NC Version 2.1 Reference Guide
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Table 4: Design Case

Flush Fixture

and urinals twice in a rypical work day.

Female occupants are assumed to use

water closets three times. All occupants

in this example are assumed to use lava-
tories for each restroom use for 15 sec-
onds and kitchen sinks once for 15 sec-

onds. An estimated 10% of the building

Table 2: Sample Flush Fixture Types

Flush Fixture Type

Conventional Water Closet 1.6
Low-Flow Water Closet 1.1
Ultra Low-Flow Water Closet 0.8
Composting Toilet 0.0
Conventional Urinal 1.0
Waterless Urinal 0.0

Flowrate

occupants use showering facilities on a
typmca] day.

Water closets use graywater volumes cap-
tured from showers, sinks and lavatories
in the building. Waterless urinals are used
in male restrooms and these fixtures use
no water. Showers, lavatories and kitchen

Table 3: Sample Flow Fixture Types

Flow Fixture Type

Conventional Lavatory 25
Low-Flow Lavatory 1.8
Kitchen Sink 25
Low-Flow Kitchen Sink 1.8
Shower 25
Low-Flow Shower 1.8
Janitor Sink. 2.5
Hand Wash Fountain 0.5

Duration Occlpants

[GPF] [fiush] [gal]
Ultra Low-Flow Water Closet (Male) 0 0.8 1 150 0
Ultra Low-Flow Water Closet (Female) 3 0.8 i 150 360
Composting Toilet (Male) 1 0.0 1 150 0
Composting Toilet (Female) 0 0.0 il 150 0
Waterless Urinal (Male) 2 0.0 1 150 0
Waterless Urinal (Female) 0 0.0 1 150 0
Flow Fixture Flowrate Duration Occupants
IGPM] [sed)
Conventional Lavatory 3 25 12 300 450
Kitchen Sink 1 25 12 300 150
“Shower 0.1 2.5 300 300 375
Total Daily Volume [gal] 1,335
Annual Work Days 260
Annual Volume [gal] 347,100
Graywater Reuse Volume [gal] (36,000)
TOTAL ANNUAL VOLUME [gal] 311,100

U.S. Green Building Council
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sinks are conventional fixtures and use 2.5
GPM. Motion sensors and electronic
controls are used on lavarories, sinks and
water closets. These devices are estimared
to reduce lavatory and sink use duration
by 20% but do not reduce the flow of
water closets. These fixtures” duration
data have been correspondingly adjusted
from 15 seconds to 12 seconds. All of
the above data is specific to the design

case.

Table 4 provides a summary of the de-
sign case. The calcularions indicate an-
nual potable water use of 311,100 gal-

lons.

The baseline case is calculated in the same
‘manner as the design case except that ALL
fixtures are assumed to be standard fix-
tures that comply with the Energy Policy
Actof 1992. Also, automatic sensots are
not used on any fixtures and there is no
graywater reuse. Usage rates, occupancy
and annual workdays are identical for the
baseline and the designed building. Table
5 provides a summary of the baseline case.
The calculations estimarte an annual po-

Table 5: Baseline Case

Flush Fixture:

Conventional Water Closet (Male)
Conventional Water Closet (Female)
Conventional Urinal (Male)
Conventional Urinal (Female)

Flow Fixture

table water use of 620,100 gallons.

Comparison of the design case to the
baseline case indicates that a potable wa-
ter savings of 309,000 gallons is realized
by using low-flow water closets, waterless
urinals, auto controls on lavarories and
sinks, and graywater reuse. This equates
to a savings of 50% over the baseline case.

Other building equipment that uses po-
table water can also be considered for
water efficiency. For instance, water-effi-
cient cooling towers can be specified in-
stead of conventional cooling towers. Fire
suppression systems and irrigation systems
are not applicable to chis credit. Build-
ing equipment should be included in the
design case calculations as well as in the
baseline caleulations.

When reusing graywater volumes from
the building, it is necessary to model the
system on an annual basis to determine
graywater volumes generated, storage ca-
pacity of the system and any necessary
treatment processes before reusing the
water volumes. Graywater volumes may

Aufo

Flowrate Duration

Controls

' ss [ EA [MR|EQ[ 1D
Credit 3

Occupants

[GPE] [ush] NIA
1.6 1 150 240
1.6 1 150 720
1.0 1 150 300
1.0 1 150 0

Auto

Duration Controls

Flowrate

N/A

[GPM]

Occupants

Conventional Lavatory 25 15 300
Kitchen Sink 25 15 300 188
Shower 0.1 25 300 300 375
Total Daily Volume [gal] 2,385
Annual Work Da_ys 260

TOTAL ANNUAL VOLUME [gal] 620,100

_— LEED-NCVersion 2.1 Reference Guide
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Equation 4:

or may not be consistently available
throughout the year because these vol-
umes are dependent on building occupant
activities.

For instance, in a typical office building,
graywater volumes will change slighty
due to vacation schedules and holidays
but should be relatively consistent over
the year. In contrast, graywater volumes
in a school building will substantially de-
crease in summer months due to the
school calendar, and, therefore, graywater
volumes may not be available for non-
potable applications.

If the project uses rainwater volume for
non-potable uses, it is necessary to calcu-
late water savings over a time period of
one year. Rain harvest volume depends
on the amount of precipitation that the
project site experiences and the rainwater
collection surface’s area and efficiency. See
Equation 4 and consult a rainwater har-
vesting guide for more derailed instruc-
tion. Rainfall data is available from the
local weather service (see the Resources
section). Rainwater volume depends on
variations in precipitation, and, thus, it is
necessary to model the reuse straregy on
an annual basis. A model of rainwater
capture based on daily or monthly pre-
cipitation and occupant demand is help-
ful to determine the rainwater volumes
captured and storage tank size. Subtract
annual rainwater use as budgeted for flush
and flow fixtures in the design case caleu-
lations.

Resources

Web Sites

American Rainwater Catchment Sys-
tems Association

www.arcsa-usa.org

Includes a compilation of publications,
such as the Texas Guide to Rainwater Har-
vesting.

Composting Toilet Reviews

www.buildinggreen.com/features/mr/
waste.html, (802) 257-7300

An Envivonmental Building News article
on commercial composting toilets.

National Climatic Data Center

www.ncdc.noaa.gov/oal/climate/
stateclimatologists.html

Usetul for researching local climate data,
such as rainfall data for rainwarcer harvest-
ing calculations. Includes links to state
climate offices.

Terry Love’s Consumer Toilet Reports

www.terrylove.com/croilec.hum

This Web site offers a plumber’s perspec-
tive on many of the major toilets used in
commercial and residential applications.

Water Efficiency Article
home.earthlink.net/-wliebold

An opinion survey addressing various
brands of water-efficient toilets and
showerheads.

WaterWiser: The Water Efficiency
Clearinghouse

www.waterwiser.org, (800) 926-7337

The American Warter Works Associarion’s
clearinghouse includes articles, reference
materials and papers on all forms of wa-
ter efficiency.

Print Media

Water, Sanitary and Waste Services for
Buildings, Fourth Edition, by A. Wise
and |. Swaffield, Longman Scientific &
Technieal, 1995.

Rainwater Volume [gal] = collection area [SF] x collection efficiency [%] x average rainfall [in] x 0.6233 gal/in

U.S. Green Building Council
106



Definitions

A Composting Toilet is a dry plumbing
fixture that contains and trears human
waste via microbiological processes.

Fixture Sensors are applied to lavatories,
sinks, water closets and urinals to sense
fixture use and automatically turn on and

off.

A Waterless Urinal is a dry plumbing fix-
ture that uses advanced hydraulic design
and a buoyant fluid instead of water to
maintain sanitary conditions.

Also see WE Credit 1 definitions.

Credit 3

Case Study

King Street Center
Seattle, Washington

The King Street Center is an office building that houses several
departments of the King County government. To reduce po-
table water use and harvest site resources, the building was de-
signed to collect rainwater from 44,000 square feet of roof area
and store it in three 5.400-gallon tanks in the basement. The
water is pumped from the tanks through a filtration system and
into a graywater piping system that services water closets on each
floor of the cight-story building. Rainwater provides 1.4 million
gallons of graywater or about two-thirds of the total water closet
demand, the remainder of which is made up by potable water
volumes. As a result, stormwarer volumes leaving the site are
reduced by about two-thirds.

Conrtesy ol King County

Ohwner
King Counly
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Energy & Atmosphere

Buildi |
of the Lnrqu and 68% of the elec
produced in the Uniced Seates .mmmle.
according to the U.S. Department of
Energy. Combustion of fossil fuels pro-
duces about 75% of our energy. Produc-
tion of electricity through the use of fos-
sil fuels such as oil and coal requires ex-
traction, transportation, refining, power
generation and distribution. These pro-
cesses significantly impace the enviran-
ment in a myriad of adverse ways. For
example, conventional fossil-based gen-
eration of elecrricity releases carbon di-
oxide, which coneributes o global climare
change. The potential consequences of
e change (rising sea levels leading
o coastal floods, severe droughes, heat
ation} affect comimu-

A%

cli

Coal-fired elecrric urilivies emir almose
ane-third of the country'’s anthropogenic
nitragen oxide, the key element in smog,
and vwo-thirds the sulfur dioxide, a key
element in acid rain. Coal extraction and
mining dissapts habiear and can de
rare landscapes. Acidic water anoff (acid
mine dr.
tivities funther degrades regional ecosys-
rems, Coal is rinsed with water, which
results in billions of gallons of sludge
stored in ponds. There are some instances
of sludge pond filue which have un-
leashed several hundred million gallons,
wreaking havoc on communities and po-
table water supplics,

el from coal exuraction ac-

Coal-fired elecrric gen n plants emit
more fine particulate material than any
ather activity in the Uniced Stares. The
human body is incapable of clearing these
fine particles from the lungs. Conse-
quenty, particulate materials penetrate
deep into the lungs and are contriburing

fa(:{r:rs in tens of chousands of cancer and
y ill; I Jd‘:a'hg 11
In nddlnun mining is a dangerous occu-
pation in which accidents and long-term
effects of breathing coal dust result in
shorened life spans of coal min

Chher energy production rechnologies
include narural gas, nuclear fission and
hydroelocrric generators. Although s
emissions are not as damaging as coal and
ail, narural gas is a major source of nitro-
gen oxides and greenhouse gas emissions,
Nuclear power increases the potencial for
catastrophic accidents and raises signifi

cant waste transporiation and disposal
issues. Hydroelectric generating planis
disrupt natural water Hows, resulring in
disturbance of habitar and depletion of
fish populations.

Energy ¢ prion can be
teduced through pracrices that are ecn-
nomical and readily achievable. Improv
ing; the energy performance of buildings
lowers operations costs, reduces pollution
penerated by power plants and other en-
ergy-praducing equipmer
comfor, Most energy-efli
present an excellent r:

d enhances
¥ measures
e of retum,

It is essential 1o consider a building’s en-
ergy load as & whole and w inregrare syn-
tic energy-cihi
der to maximize svings. For example,
reduction of energy loads through im-
proved glazing, insulation, da
and wse of passive solar fi
lovw: the design team o downsize or even
ical HVAC systems.
LEED recognizes the imporance of in-
regrated energy strategies. Asa result, most
of the prerequisires and credies under this
topic are performance-based racher than
prescriptive,

TICY MEASUNes in or-

eliminate mech

Overview of LEED™
Prerequisites and
Credits

EA Pr isite 1 |
Fundamental Building
Systems Commasioning

EA Prevequisite 2
Manimum Enery
Periormance

EA Prevequisite 3

R Reshuction in

HVACKR Equipment

EA Credit 1

Optimize Energy
Perlormance

EA Credit 2

Renewahle Energy

EA Credil 3

Adlitinnal

Comminsinning

EA Credit 4

Ohzone Deplition

EA Credit 5

heasutemnent &
Veerilication |
A Creddit &
Green Power

Fhere are 17 pasiits
availabite in the Energy
& Atmosphero cateyory. |
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Credit 1 Optimize = ‘
Energy Performance Y,

Credit 2 Renewabla
Energy

Credit 3 Additional "
Commissioning h
Credit 4 Ozone
Protection

Credit 5 Measurement
& Verification

Credit 6

Commissioning

Prerequisite 2
Minimum Energy

Figure 1 Crverview of LEED Prorequisites & Crediis

LLS. Green Building Council
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Fundamental Building Systems
Commlssmnmg

Intent

Verify and ensure thae fundamental building elements and systems are designed, in-
stalled and calibrated to aperare as intended.

Requirements

Implement or have a contract in place o impl the following fund | bese
practice commissioning procedures,
® Engage a commissioning team that does nor include individuals directly re-
sponsible for project design or construction management.

e Review the dﬁ:gn intentand the basis of design documenrarion,

e Incorp 2 reg inte the construction documents.
® Develop and utilize 2 commissioning plan.

o Verify installation, functional performance, training and operation and main-

renance documentarion.

e  Complete a commissioning report.

Submittals
3 Provide the LEED Letter l'cmme. sjgncd by rhr uwmmroommmlomng agent(s],
confirming thar the fund: have been success-

fully excented or will be provided under existing conlrau{s}

y of Referenced Standard

There is no standard referenced for this credic.

55 ‘[WEHMR EQ|ID

Prerequisite 1

Required

= — LEED-NC Version 2.1 Reference Guide
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55 WEIBMK EQ] 1D

Prerequisite 1

Credit Synergies

55 Credin 4
Aliernative
Transpariation

55 Credit &
Light Polluticn
Reductinn
WE Credit 1
Water Efficient
Landscaping
WE Credit 2
Innevative Wastewates
Treatment
WE Credil 3
Water LUse Reduction
EA Prerequisite 2
Minimum Energy
Perfarmance
EA Credit 1
Optimize Energy
| Performance
EA Credit 2
Renewable Encrgy
EA Credit 3
| Additianal
| Commissioning
EA Credit 5
Measuroment &
Verification
EQ Prerequisite 1
Minimum 1AL)
Persrmance
EQ Prerequisite 2
Environmental Tebaceo
Sanoke (ETS) Control
EQ Credit 1
Carbon Diowidie (CO,)
Monitoring
EQ Credit 5
Incloor Chemical &
Pollutant Source Comtrol
EQ Credit &
Crmrdlability of
Systems
EC) Credit 7
Thermal Comfor
£0) Credit B
Daylight & Views

LLS, Green Building Council
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Green Building Concerns
The commissioning process is a quality-
based method that is adopeed by an owner
to consistently achieve successful con-
struction projects. 1t is not an additional
layer of construction or project manage-
ment—it is the owner’s means of verify-
ing that the planning, design, construc-
tion and operational processes are achiev-
ing their goals, and ensures the delivery
of a high quality building with maximum
asset value, A commissioned building
provides oprimized encrgy efficiency, in-
door air quality, and occupant comforr,
and sets the stage for minimal operarion
and maintenance costs.

The commissioning process activitics
commence at project inceprion (the start
of the pre-design phase) to document the
awner's project requirements. The com-
missioning process activities conrinue
through the design and construction
phases, including performance testing,
and conclude ar one year of necupancy
with a warranty review and lessans-
learned meeting. A key commissioning
process activity rypically completed is the
development and verification of a cohe-

Economic lssues

A pmpmr[)' designed and exu.u(cd com-

g plan g ial op-
erational cost savings. Successful imple-
mentation of the commissioning process
often increases energy efficiency by 5%
to 10%. The State of Oregon Office of
Energy studied divect energy savings for
rwo buildings after completion of a com-
missioning plan. In a 110,000-square-
foot office building, energy savings of
$12,276 per year (equivalent to $0.12 per
square foor) were realized through

completion of the commissioning process
activities. In a 22,000-square-foor office
building, energy savings equal to §7,630
per year ($0.35 per square foor) were
achieved.

In addition to energy performance, oc-
cupant productivity is another operational
cost impacted by subpar building perfor-
mance. The Oregon study estimated in-
direet costs associated with lost produc-
tivity due to eccupant complaints about
the indoor environment. It estimared that
if 20% of building occopants expended
30 minures per month complaining about
lighting or temperature conditions, the

|

P would lose $0.10 per square

sive training § of the building stalf
so they can properly operate and main-
tain the building to achieve the owner's
long-term sustainability goals.

Environmental Issues

lmpl ion of the o

process maintains the focus on high '_DL‘l

formance building principles from projec
inception through operation. This typi-
cally results in optimized mechanical,
electrical and architectural systems—
maximizing energy efficiency and thereby
minimizing environmental impacts asso-

ciated with energy production and con-
sumption, Encrgy conservation reduces
the need for natural resource extraction,
improves air quality and reduces green-
house gas emissions,

foor in annual productivity. For a
100,000-square-foot building, this
equates to $10,000 per year. This loss
does not I'acmr in actual pmdumv:ry -
ducti g from the subop
conditions, but nnlyaddrwu complaint
Time.

Other potential costs of poor building
performance cited by the Oregon Office
of Energy include employee illness, ten-
ant turnover and vacant office space, li-
ability relaved 1o indoor air quality, and

The cost of Commissioning Authority
services changes with project size. Table
1 provides estimates of third-party com-
missioning costs based on historical dara.




Evaluation of projects involved in the dara
in Table 1 has shown thar implemenca-
tion of the commissioning process activi-
ties will pay for itself by late design or early
construction, and has a minimum three-
to-one payback by the end of construe-
tion and through the first year of opera-
tion. Savings from implementing the
commissioning process are due to im-
proved construction documents (reduced
requests for information and change or-
ders), idenrification and rt‘solumn nFla'v

for information and change orders. In
addition, some design professionals may
be eligible for lower professional liabiliny
insurance rates through involvement of
the commissioning process.

1 1 H

I g the o process
may provide owners the opportunity to
receive stare-funded assistince and uril-

ity rebates or reduced urility rates.

Cnmmumty Issues
The g process p ides a

sues on paper, comprel

review construction to maintain focus on
the owner’s project requirements, and
minimizing contractor call-backs during
the first year of operarion.

On :}u:lrﬁrsrpchm in whlr.h Ihl;'uwm:r
is imp iz the ¢ g pro-
cess, architects and engineers may charge
higher than narmal fees o support the
process. These fees are included to cover
the additional expense of integrating the
commissioning process activities into the
project specifications as provided by the
Commissioning Authority and docu-
menting the hasis of design in a formar
suitable for the owner. Once they have
been through the process, archirects and
engineers typically charge du:samcor |t:s.s
for invol in the c i

pracess dug to savings during ccnstruo
tion and operarions from reduced requests

Table 1: Estimatcd Cost of independ

means for the owner’s procure-
ment of a high-quality building thar op-
erates in accordance with the owner's
project requirements, including the oc-
cupants’ needs. Ultimarely, the entire
project team and communiry benefits
when the building is operational the firse
day of use through reducing occupant
complaints and allowing users and occu-
pants to enjoy a healthier and more pro-
ductive indoor environment thar meets
their success eriteriz.

Design Approach

The commissioning process begins at
project inception when the owner chooses
o adope the process as the internal means
o verify that the design professionals, con-
tractors, and opetations and maintenance
seaff achieve the owner’s project require-

Third-Farsy Ci

1 Services

Construction Cost Total Cost for Fundamental Additional

Commissioning Activities Activities
< 55 million 1.5%-3.0% 1.2%—2.5% 0.3%-0.5%
< 10 million 0.7%-2.0% 0.5%—1.7% 0.2%-0.3%
< 850 million 0.6%=1.5% 0.5%—1.3% 0.1%-0.2%
= 550 million 0.4%—1.5% 04%-1.3% 0.2%
Complex projects Add 0.2%-0.8% 0.2%~0.7% 0.1%
m:m.m‘mmw‘mm f D:;‘imm.- 'apars: Tre Bost of the 2002

Mol
mmmmmhuduwm Comskeiy, timing (numbes of siti visity), and inam esesanson greaty affse

ﬂm-uumnlb(

Beipuinng e
rescuras wih tn mmmn—dmm he 203! & ciom redcesd by 20508,

missloning Authety, | Inlnmal
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ments from planning through continual
operations, The intent of the commission-
ing process i go minimize costly changes
through early identificadion and continual
focus on the achievement of th owuus
project requi The i
process for & LEED project typically for
cuscs on systems and assemblies having
o da with the project’s operarional per-
formance, particularly those relating w
LEED prerequisites and credits.  Ex-
amples include HVAC sysrems and their
controls, duct work and piping; building

lope technologies; ble and al-
ternative energy technologies: lighting
controls and daylighting systems; potable
water efficiency technologies; minwater
harvesting systems; water treatment sys-
tems; and other advanced performance
rechnologies. Venfication of the contractor's
achievement of the owner’s project require-
ments incluees such ivems as verification of
the traditional westing, adjusting and bal-
ancing (TAB) wark through sampling of
the TAB report.

Strategies

The i g process is a pl
systematic quality-based process that in-
volves the owner, users, occupants, opera-
tions and maintenance staff, design pro-
fessionals and contmctors, It begins ac

ideally at project inception. The Commis-
sioning Authority serves as an objective
advocate of the owner, directs the com-
missioning process, and presents final rec-
dations to the awner regarding the
performance of commissioned .wm:ms
and blies. The €
Authority introduces standards and sera-
egies early in the planning process and
thien verifies implementation of the com-
missioning process activities by clearly
specifying the requirements in construc-
tion documents.

Tdeally, a person on the owner’s staff
would be the Commissioning Authority.
1f this is nor possible, a third-party firm
is preferable, bur for the purposes oF(h]s
LEED prerequisite the Commi
Autl-wnry can be from a design team firm,
as long as that person is not responsible
for project design, construction manage-
ment or supervision. In all scenarios, the
reporting of all conditions and findings
must be immediare and direcr from the
Commissioning Authority o the owner.
1f a third-party Commissioning Author-
ity is retained, it should be urilized for
both impl, damental
LEED prerequisite and Addirional Com-
missioning credit (EA Credit 3) activities.
Form rhe Camnussmnms Team. The
C ioning Team is led by the Com-

£ £
ing the

project inceprion; has ongoing verifica-
tion ofacl:lwemmr of rhc awnt.rs project
requires inieg of con-
tmanrmmplcm! commissioning process
activities into lh': C:)I'Isrruﬂlcl'l dOCll'
ments; aids in the coordination of static
and dynamic wsting that acceprance is
based on; verifies staff rmaining; and com-
pletes with warranty verification and les-
sons-learned documentation and imple-
mencation, An explanadion of the steps
satisfying this LEED prerequisite is sum-
marized in the following sections:

Engage a Cnnumsslnnulg Autilorlly.
Designatea C g Authority as

early as possible in the project time fine,

missioning ."\uthom:y and is composed of
the owner, users, occupants, operations
and e staff, design p

als and contractors. The Commissioning
Team is responsible for accomplishing the
commissioning process activiries and pro-
vides leadership for identifying and resoly-
ing all commissioning process issues.
Document the Owner's Requirements.
The Commissioning Team shall clearly
document the owner’s project require-
ments. The owner’s project requirements
are utilized throughout the Commission-
ing Process to provide focus on the key
success criceria. These requirements rypi-
cally address HVAC, lighting, indoor en-




vironmient, energy cFEmenqr. siting, wa-
ter and envi of

Create a Cnmmiuioning Plan. The

the facility. The doeumeniralsosdd resses
the ideas, objectives and criteria that the
owner considers important. Any criteria
listed in the owner’s PlD,l:E[ n-:qum’.‘men{s

Com g Authority devel a
commissi nlng pl:m ar the st uf the
commissioning process, preferably ar

project mncpuun The mmrmwonmg
plan evolves with resulets added as the

needs 1o be doc

and verifiable. Ideally, the owner’s project
requirements are developed upon project
inception in tandem with LEED goals.
However, if the commissioning process
is nov started uncil later in the project,
the owner's project requirements must
still be doc 1 by the C i
ing Team.

Review the Basis of Design. The basis
of design is developed by the design pro-
fessionals as part of their normal design
duries, bur not often provided to the
owner in a cohesive document, The basis
of design includes how each of the owner's
project requirements has been meg; pri-
mary design assumptions such as oceu-
pancy, space and process requircments;
applicable codes, policies and standards;
and load and climatic assumptions that
infl design d An updaced
basis of design and design narrarive should
accompany each design phase submission,

Tablbe 2: Resuired Commissioning Plan Companents

Required Commissioning Plan Components

Brief overview of the commissioning process.

project prog Inci when
the decision to pursue a LEED rating is
made after che design phase, the commis-
siening plan, including the owner's
project requirements and basis of design,
should be completed prior 1o the instal-
lation of any commissioned elements.
Table 2 lists the components thar are re-
quired in the commissioning plan o sat-
isfy this LEED prerequisite.
Indode e C Bsstoriing ey
ments in Bid Documents. The
contractor’s commissioning pmcﬁs re-
ibili in the
cuntmr documents and must clearly de-
scribe the components listed in Table 3.

An area requiring careful coardination is
the creation of operation and mainre-
nance manuals, Depending on the
owner'’s m:td.s and relationship wich the
G ing Team bers, the re-
sponsibility fioe thiv dleliverable can reside
with the Commissioning Authority, the

ies must be i

List of all systems and

of the C:

included in the C

g i

Descripti

g Team and its

ofthe g Py

Overview of the commissioning process ad]viﬁes for the pre-design, design, construction,

and and ions phases, i

of the owner's project

requirements, review of the basis of design,
and i phase verificati

cesign,

test d

and implementation, and 10-month warranty review.

List of the expected work products
List of key process

$5 [WEli!EQ 1D

Prerequisite 1

soopa of work

and reporting of the commissioning process
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Table 3: Commissioning Components in Comstrection Documents

Commissioning Components in Construction Documents

C issi Team
Submittal review procedures

o] ions and mai o

Training plan develcpment
r ;

Start-up plan ds and

Functional performance testing
Milestones

Training

Warranty review site visit

design professional or the contractor. This
decision needs to be made consciously
with an aim sowards maximizing the long-
erm
the owner has a high confidence level in
the ability of the design professionals or
CONCractor to plcpar!: l‘hﬂ.: dﬂ‘umcnﬂin
then they can be assigned the respansi-
biliey through the construction docu-
ments. If the Commissioning Authariry
is regarded as providing the best deliver-
able for the owner's needs, then the con-
tractor can provide the basic informarion

ful f the doc ion. [

mance of the feature. The Commisioning
Authority should accomplish this through
verification of the contracror’s complered
construction checklises.

Start-up and Checkout: The contractor
completes the start-up and initial check-
outof all irems listed in the contract docu-
menes. The start-up and checkour resules
must be clearly documented according to
the manufacturer's written instructions
and the contract documents, typically the
last section of the construction checldises,

S gt As the o £ Process

and the C issioning Authority’s scope

oF-wark san inslide crcation of The

manual. Either process satisfies the LEED

prerequisite,

The following shall be completed on each
g !

P qUIF

system or fearure:

Installation Verification: The Commis-
sioning Authority must accomplish ongo-
ing site visits to verify that each commis-
sioned system and assembly is being in-
stalled to achieve dhe owner’s project re-
quirements as detatled in the contracr docu-
mients and manufscturer’s instructions, and
to verify that other building systems or as-
semblies are not compromising the perfor-

is quahry -based, the Commiss:omng Au-
thority applies appropriate sampling rech-
niques to verify char construction, start-
up and initial checkout of all commis-
sioned systems and assemblies is success-
fully completed. For example, instead of
checking 100% of the conrrols system,
which is the contractor's responsibility,
the Commissioning Authority urilizes

li hniques to complete an in-
deprh peruodm review of the control sys-
tem installation, verifying thar the com-
ponents are calibrated; point-to-point
checkouts are successful; and each con-
trol point is commanding, reporting and
controlling according o the inrended




purpose. This ongoing sampling verifi-
cation enables the Commissioning Au-
thority to identify systemic issues early
so they can be fixed and avoid rework at
complere system checkour.

Functional Testing: The Commission-
ing Authority prepares written, repeatable
test procedures, specifically for each
project, which are used ro funcrionally rest
systems and assemblies. These rests must
be documented to elearly describe the in-
dividual systemaric test procedures, the

starc-up, shutdown, unoccupied and
manual modes, modulation up and down
the unit’s range of capacity, power fail-
ure, alarms, component staging and
backup upon failure (unic and pump),
interlocks with other equipment, and sen-
sor and actuaror calibrations,

Test all larger equipment individually.
Similar unies that are numerous (e.g.,
many smaller rooftop packaged units, air
terminal units and exhaust fans) may re-
quire a specific sampling strategy. Heat-

expecred system resp
criteria for cach procedure, the actual re-
sponse or findings, and any pertinent dts—
cussion. The rest pmq:enlunsm i

oF accep

ing equif must be tested during che
winter and air-conditioning equipment
must be tested during summer, as appro-

and accepred by the ¢ s test en-

priate to d performance under

I

tity, who may choose to implement the
rests under the direction of the Commis-
sioning Authority.

After acceprance of the installation, start-
up and inirial checkour (using the construe-
tion checklists), the modes described in the
following paragraphs must be tested.

Test each sequence in the sequence of op-
erations and other significant modes. Se-
quences and control strategies include

14
g The G g Author-
ity must assemble written verification thar
training was conducred for all commis-
sioned features and systems. The train-
ing may be performed by the contractor
or the Commissioning Authority uriliz-
ing qualified individuals for a sufficient
duration to ensure thar facility staff has
all the information needed 1o oprimally
operate, maintain and replace the com-

R

Table 4: Training lssues to be Addressed by the Commissioning Authority

Tralning lssues

General purpose of the systern (design intent)
Use of the O&M manuals

Review of control drawings and schematics

Start-up, normal i 5 i

saasonal manual

operation, controls sel-up and programming, ImLﬂEShDDl.Ing and atarms.

Interactions with ather systems, adjustments and optimizing methods for energy

conservation, relevant health and safety issues

Adjustments and aplimizing methods for energy conservation

Relevant health and safety issues
Special maintenance and replacement sources

Tanant interaction issues

Discussion of how the feature or system is envinonmentally responsive

ss (we B mr[eQ[iD
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Table 5: Cormmissicning Repon Components

Commissioning Report Components

Description of the owner's project
requirements

Description of the project specifications

checkiist cﬁs‘::uiﬁon}
Functional performance testing results
and forms,

O&M documentation evaluation
Training program evaluation

Value of the commissioning process

Ouitstanding issues

missioned features and systems. Train-

ing must address the issues in Table 4.

setup and programming, toubleshooting,
alarms, control drawings and schemarics
and fimal sequences of operarion,
iR i

ing reporc must be presented o the owner
within a reasonable time after occupancy.
The repore must include a list of cach
commissioned system and assembly, as
well as the disposition of the Commis-
sioning Authority regarding the system's
arassembly’s compliance with the owner's
project requirements, Required compo-
nents of the commissioning report are
listed in Table 5.

The written list of all ourstanding com-
missioning issues and any resting that is
scheduled for a later date, justified by sea-
sonal conditions, must be included. A
list of any compromises in the environ-
fearures must be pro-

O&M N Is: The C
Aulhnnty must review the operations :md
e (D&M Is for all
commissioned systems and assemblies for
completeness and applicability. The
Q&M data must be bound in labeled
binders liberally divided with tabs, or pro-
vided elecrronically, o provide efficient
access, Manuals should include: name,
address and relephone number of the
manufacturer or vendor and installing
contractor; submittal data; and opera-
tions and maintenance instructions with
the model and fearures for this site dearly
marked. The manual should only include
dara for equipmenc cthat is acrually in-
stalled.

Dhata requirements include: instructions
for installation, maintenance, replace-
ment, start-up, special maintenance and
replacement sources, a pares list, a list of
special cools, performance daea, and war-
ranty information.

The manual should also include a docu-
mentation package on as-built controls thar
includes a narmarve for normal aperation,
hurdown, unoccupied operation, seasonal
. manual contrals

T
B

=

vided. All uum—.mdmg enviranmentally
responsive fearure deficiencies must be
corrected or listed in the commissioning
report.  All completed functional eests
should be listed in an appendix to the
commissioning report.

Technologies

Commissioning is a process, not a tech-
nology that can be purchased. Use the
USGBC membership hsting (sort by Pro-
fessional Firms: C issioning Provid-
ers), professional contacts and the [ncerner
to find experts who understand the gov-
erning energy codes and the equipment
that contractors are likely o furnish and
mﬁmﬂ "u:v:n] professional training snd ac-

prog have been developed
ﬂor the commissioning process. While not
required for LEED project certification,
owners may benefit from engaging a cre-
denrialed Commissioning Authority, See
the Resources Secrion.

Synergies and Trade-Offs

The commissioning process affects all sys-
tems and assemblies, borh static and dy-
namic. Site features on the project that




Tequire
alternative fueling stations and exterior
lighting fixtures and systems. Warer com-
missioning includes irrigation systems,
plumbing fixtures and plumbing infra-
structure. Energy commissioning covers
HVAC systems, lighting and energy-gen-
cration equipment, Commissioning ac-
tivities thar affect indoor environmental
quality include temperature and humid-
ity controls, ventilation systems, monitor-
ing equipment, occupant controls, enve-
lope integrity and daylighting systems,

ing attention include

Resources

Web Sites
American Society of Heating, Refrig-
eration and Air-Conditioning Engi-
ncers (ASHRAE)

www.ashrae.org, (B00) 527-4723
Provides a rwo-day i

P with the General Services Ad-
ministration, developed the Building
Comimissioning Ciide.

Oregon Office of Energy, Conmission-
ing for Better Buildings in Oregon
www.energy.state.or.us/bus/comm/
bldgex, (503) 378-5697

This document (and Web site of the same
name) contains a comprehensive intro-
duction to the commissioning process,
including research, financial benefits and
case studies,

Portland Energy Conservation Inc.
(PECI)

PECI Model Building Commissioning
Plan and Guide Specifications
www.peci.ofg, (303) 248-4636

Details the commissioning process for new
equipment during design and construcrion
Pllﬂﬁ Fnr 1arg|er prejects, In addition w

¥ course
on the commissioning process. ASHRAE
Guideline 07, The Conmmissioning Process,
is being developed,

Building Commissioning Association
www.boxa.org, (425) 774-6909

™ i lds

g guidclines, the document
prowdcs boilerplate language, content, for-
mart and forms for specifying and execur-
ing commissioning. The document builds
upon the HVAC Commissioning Process,
ASHRAE Guideline 1-1996, with signifi-
cant 'u'ldlnnnal derail, clarification and in-

I « g prac-
tices thar maintain h|gh pm&ssmna] star-
dards and fulfill building owners” expec-

tations. The association offers a five-day
inrensive course focusing on how o
implement the commissioning process,
intended for Commissioning Autharities
with at least two years' expericnce.

Federal Energy Management Program
Building Commissioning Guide
www.eren.doe.govi/femp/rechassist/
bldgeomgd.hml

The Energy Policy Act of 1992 requires
cach federal agency to adopr procedures
necessary o ensure that new federal build-
ings meet or exceed the federal building
energy standards established by che ULS.
Department of Energy (DOE). DOE%
Federal Energy Management Program, in

The d contains four
parb, totaling over 500 p)gts
Part1. C q
Dresign Phase: € ::mmnssmmng Fequire-
ments of the design team, includinga full
solicimtion for commissioning services.
Part I1. Model Commissioning Plan—
Design Phase:  Derailed commissioning
boilerplate plan for ¢ g dur-
ing design, including design intent and
basis of design formar for 15 system types,

Pare IT1. Commissioning Guide Specifi-
cations: A comprehensive guide orga-
nized by specification secrions covering
protocols, procedures and responsibilities
of all parties. Includes complete specifi-
cation language for Divisions 1, 15, and

This part includes esting require-
ments for 15 system types. Also included

'ss weEfmr[eq[ 1D
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are derailed construction checklists for 20
types of equipment and example Rune-
tional test procedures for 30 system types.
Part TV. Model Commissioning Plan—
Construction Phase: Modular commis-
sioning plans with 30 representative forms
to facilitare the commissioning process.
University of Wisconsin, Madisan,
Department of Engincering Profes-
sional Development

epdwww.engrwiscedu, (800) 462-0876

Offers commissioning process teaining
ses for building owners, architects, en-
sineers, operations and maintenance staff,
and other interested parties. The program
also offers acereditarion of commissioning,

col

process providers and managers.

Print Media

ASHRAE Guideline 1-1996: The
HVAC Commissioning Process, Ameri-
can Sociery of Heating, Refrigerating and
Air-Conditioning Engincers, 1996,
~org, (B00) 527-4723

The purpose of this guideline is to de-
scribe the commissioning process to en-
sure that heating, vent
ditioning (HVAC) systems perform in
conformity with design intent. The pro
cedures, methods and documentation re-
quirements in this guideline cover cach
phase of the commissioning process for
all types and sizes of HVAC systems, from
pre-design through final acceptance and
posi-occupancy, including changes in
ing and occupancy requirements af-
occupancy,

ASHRAE Guideline 4-1993: Prepara-
tion of Operations & Maintenance
Dac ion for Building $
American Society of Heating, Refrigerat-
ing and Air-Conditioning Engineers,
1993,

The purpose of this guideline is to guide
individuals responsible for the design,
construction and commissioning of

www,ashr

and air<on-

HVAC building systems in preparing and
d.chvl.rlng O&M documentation. The
i id formar, de-
ln::r)f and maintenance of HYAC build-
ing systems Q&M documentation nor-
mally provided by the building design and

construction team members,

Sustainable Building Technical
Manual, Public Technology, Inc., 1996
(www.priorg).
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Minimum Energy Performance Prerequisite 2
Intent Required

Establish the minimum level of encrgy efficiency for the base building and systems.

Requirements

Design the building to comply with ASHRAE/IESNA Standard 90.1-1999 {without
amendments) or the local energy code, whichever is more stringent.

Submittals

0 Provide a LEED Lewter Template, signed by a licensed professional engineer or
architecr, stating that the building complies with ASHRAE/TESNA 90.1-1999 or
local encrgy codes. I local encrgy codes were applied, demonstrate that the local
code is equivalent to, or more stringent than, ASHRAE/IESNA 90.1-1999 (with-
out amendments).

of R ed Standard
!

ASHRAE/TESNA 90.1-1999: Energy Standard for Buildings Except Low-Risc Resi-
dential

American Society of Heating, Refrigeraring and Air-Conditioning Eng

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

Standard 90.1-1999 was formulated by the American Society of Heating, Refrigerat-
mg and Air-Conditoning Engineers, Inc. (ASHRAE), under an American National

fards Insti [ANSI) process. The project commitzee consisted of
maore than 50 individuals and erganizations interested in sal building energy
codes for idential projects (o ial, institutional, and some portions of

industrial buildings) as well as for high-rise residential buildings. The llluminaring
Engineering Sociery of North America (IESNA) is a joint sponsor of the standard. The
standard is also the basis of Chapter 7 of the International Cade Council’s 2001 Inrer-
national Energy Conservation Code, and forms the basis for many of the commenrcial
requirements in codes that states consider for adoption. U.S. state energy codes thar
are equivalent or more stringent than the referenced standard are identified on the
LS. Deparrment of Energy’s Building Energy Codes Web site (see the Resources sec-
tion for more details).

Standard 90.1 eseablishes mini qui for the encrgy-efficient design of
buildings, except low-rise residential buildings, The provisions of this standard do not
apply to single-family houses, multifamily Sbikictsoies of th mieha bilkble suries or fowes
above grade, manufactured houses (mobile and modular homes), buildings thar do not
use either electricity or fossil fuel, or equipment and portians of building systems that
use enc-rgy pnmanly far mdu-rrrral manufacmrmg or commercial processes. Building

pe reqs are p d for semi-heared spaces, such as warchouses,
The standard provides eriteria in the follow: g::.nemL gories: buildi !
* {section 5} heating, venrilating and air-conditioning (section 6); service weater hearmg

LEED-NC Version 2.1 Reference Guide
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LS. Green Building Councll
122

{section 7}; power (section 8); lighting (section 9); and other equipment (section 10).
Within each section, there are mandarory provisions thar must always be complied
with, as well as additional preseriptive requirements, Some sections also contain a
performance alrernare. The Energy Cost Budger aption (section 11) allows the user to
exceed some of the prescriptive requirements provided energy cost savings are made in
other prescribed areas. However, in all cases, the mandatory provisions must still be
met. See Design Straregics below for a more detailed y of the
included in each section,

4

Table 1: Seope of Reguirements Addressed by
ASHRAE 90.7-199%

Components

Building Envelope

Heating, Ventilating, Air Conditioning
Service Water Heating

Electric Power Distribution

Electric Motors and Drives

Lighting




Green Building Concerns

Traditional development paradigms thac
have dominated building design for the
past 50 years assume off-site generation,
transmission and delivery of energy.
While a case can be made that off-site

ample, integrated design features may al-
low for smaller HVAC equipment. Lo-
cal utility rebare programs and incentives
from the statc energy office are sometimes
available for energy-efficient design and
equipment.

generation has enabled devel
lize space more productively, the benefits
gained have come ar a high environmen-
tal cost.

Pers to uti-

The evidence demonstrating char com-
bustion of fossil fuels (CO, and NO ) is
linked o global warming continues ro
MOUNT even as we continue to excract aned
burn these Fuels at an increasing rare.
Deregulared energy markets have enabled
hydroelectric generation activities to mar-
ket their electricity in regions unaffected
by the regional impaces that dams can
have on endangered species. Habitar pro-
tection is becoming a eritical element of
power planning and allocation effores.

MNuclear power continues to be £oukLs:

G ity Issues

Reduced dependence on fossil fuels for
heating and cooling reduces air polluranc
levels in urban areas. The EPA reports thar
abour ane out of every three people in
the United States is at a high risk of expe-
riencing adverse health effects from
ground-level ozone (smog).

Design Approach

This prerequisite requires thar the build-
ing comply with ASHRAE/TESNA 90.1-
1999 or the local code, whichever is more
stringent. For a general sense of how Stan-
dard 90.1-1999 compares with an indi-
vidual starte encrgy code, see the U.S.

versial due to security and

issues relared o waste reprocessing, trans-
portation and storage. As the side cffects
associated with energy use become beteer
uaderstood, the demand for energy effi-
ciency and renewable energy continues to
grow,

Environmental Issues

Natural resource extraction, air pollurion
and warer pollution can be grearly reduced
by minimizing consumption of non-re-
newable energy resources.  Refer to the
introduction of the Energy & Armosphere
section for more information.

Economic Issues

Complying with the requirements as
stated in the ASHRAE/IESNA 90.1—
1999 standard decreases opcmtmg CosTs
by reducing roral s I as

Deep. of Energy's Building Energy
Codes Web site (sce the Resources sec-
tion). LEED compliance znd ecredits,
however, are determined for a specific
building. Consequently, it is necessary
0 go beyond simple or general compari-
sons. Iris necessary to look ar the require-
ments applicable to the proposed design,
such as the specific building envelope sys-
rems, mechanical systems and lighting
uses,

Where both Standard 90,1 and the local
code contain a provision thar addresses
the same topic (e.g. lighting power al-
lowances for office space), it is usually easy
to identify which document has the more
stringent provision. Semetimes, however,
Standard 90.1 and the local code will sub-
divide areas in different ways (e.g., Stan-
dard 90.1 contains four caregories of in-

well as “time of day” or “rime of scason”
demand charges. The reduced total en-
ergy demand for a building also may
translate into reduced first costs. For ex-

lation requi for walls above
grade, while a local code may only have
one or two categories), and Standard 90,1
might have the more stringent provisions

S5 WEHMR EQFID

Prerequisite 2

Credit Synergies

EA Prerequisite 1
Fundamental Building
Systems Commissioning
EA Prerequisite 3
CFC Reduction in
HVACER Euipment
EA Credit 1

Optimize Energy
Performance

EA Credit 2
Renewable Energy
EA Credit 3
Adddditional
Commissoning

EA Credit 5
Measurement &
Verification

EQ Prerequisite 1
Minimum 140
Performance

EQ) Credit 1

Carbon Dioside (€0}
Monitaring

EQ Credit 2

Inscrease Ventilation
Effectiveness

EQ Credit 6
Contrallability of
Systens

EQ Credit 7
Thermal Comieort

EQ Credit 8
Daylight & Views
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in some of the subcategories, while the
local code will have the more stringent
provisions in other ¢ i

LIS, Green Building Council
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Strategies

Each section of Standard 90.1-1999 de-
scribes the applicability of the provisions
(e.g.. definitions and the building ele-
ments of interest), lists the mandatory
provisions, and offers a prescriptive path
or a performance path o d

visions, the window area must be less than
504 of the gross wall area and the sky-
light area must be less than 5% of the
gross roof area. In some instances, this
prescriptive approach may not be pre-
ferred because the designer may wish to
use certain envelope assemblies thar do
not comply or the designer may wish to
use larger fenestration arcas. In these
cases, the alternate path in Section 5.4

lains the Building Envelope Trade-off

compliance,

lb'll'ur‘ !r "s A Jinscc_
tion 5 of the referenced standard and in-
cludes three parts that must be sarisfied
w0 earn this prerequisies 5.1, 5.2, and
5.3; OR 5.1, 5.2, and 5.4; OR 5.1, 3.2,
and 11, The building envelope measures
apply to enclosed spaces heated by 2 hear-
ing system whose output capacity is equal
to or greater than 3.4 Bru/hour-square
faot or cooled by a cooling system whose
sensible output capacity is equal to or
greater than 5 Bru/hour-square foor. art
5.1 differentiares berween the exterior
envelope components and semi-exterior
envélope components {5.1.1), as well as
indicating how semi-heated spaces are to
be treared (5.1.4). These definitions are
helpful in determining the correct values
to use in subsequent charts. Part 5.2 de-
seribes mandatory provisions for insula-
tion installation (5.2.1), window, skylight
and door rarings (5.2.2), and air leakage
(5.2.3). Part 5.3 contains the prescrip-
tve provisions for insulation for opaque
assemblics (5.3.1) and U-factor and
SHGC for fenestration (5.3.2).

These preseriprive provisions are custom-
ized for the location and climare of the
project, The formar is shown in an in-
structive example table (Table 5.3). Lo-
cations are listed alphabetically by state
in Appendix I2, with a cross-reference to
the appropriate building envelope tble.
The prescriptive building envelope tables
for the various climares are located in
Appendix B, To use the prescriptive pro-

OLrion that can be Tollowed Bar compli-
ance. If the designer does not wish to
demonstrate compliance using Sections
5.3 or 5.4, the last option is to analyze
the entire building using the Encrgy Cast
Budget method in Section 11. The Build-
ing Envelope section does not address
moisture control or provide design guide-
lines to prevent moisture migration.
and Air Conditi
ing is addressed in Section 6 and includes
three paths to demonstrate compliance
with the standard: 6.1.3; OR6.2and 6.3;
OR 6.2 and 11, Pare 6.1.3 describes an
approach that may be used for buildings
that: 1) are two stories or less and 2) are
25,000 square feet or less. This s the sim-
plest path o compliance for small build-
ings.

Part 6.2 contains the mandatory provi-
sions. Tables include mandatory perfor-
mance levels based on equipment size
{6.2.1), The tables also provide efficiency
levels that tool effect in 2001, Minimum
control schemes are listed for th

off-hours including setback and optimum
searr, seair and elevator vents, outdoor air
supply and exhaust vens, heat pump au-
iliary heat, enclosed parking gamge ven-
tilation, humidification and dehumidifi-
cation, freeze proection and snowlice
melring syscems, and ventilarion for high
occupancy arcas(6.2.3); as well as mini-
mum duct construction and duct and
pipe insulation criteria (6.2.4).

Part 6.3 provides a prescriptive compli-
ance option. Prescriptive provisions are




included for air and water economizers
(6.3.1}; simultaneous heating and cool-
ing limitations (6.3.2); air system design
and control including fan power limira-
tion and variable speed drive (6.3.3); hy-
dronic system design and conrreol includ-
ing variable flow pumping (6.3.4); heat
rejection equipment (6.3.5); energy recov-
ery from exhause air and cond water

seriprive path (9.3) with two caleulation
methods for interior lighting (9.3.1) and
one caleulation method for exterior light-
ing {9.3.2) can be employed to show fi-
nal compliance.

For interior lighting, Building Area Method
calculations (9.3.1.1) can only be used in
cases where the projeet involves the enrire

(6.3.6); kirchen and fume exhaust hoods
(6.3.7); radiant hearing systems (6.3.8);
and hot gas bypass limitations (6.3.9).
Here again, the alrernare is Section 11,
the Energy Cost Budget Method.
Service Water Heating is addressed in Scc-
ton 7. This secrion folhwi's a suml.ar pat-
tern of d

building, or asingle independent occupancy
within a multi-occupancy building, Selecr-
ing the allowable lighting power density
from a building type rable and multiplying
by the project area calculates the ngh(mg
budger all . If the towl p

lighting power density is lower thaan thene
terior lighting power allowance, the project

(7.2} and then achoice ofpmnpuvc 7.3
or performance based compliance (11).
There are mandatory provisions for cffi-
clengy (7.2.2), piping insulation (7.2.3),
controls 7.2.4), pool heaters and pool cov-
ers (7.2.5), and heat eraps for storage tanks
(7.2.6). Ifthe system isa combination space
heating and warer heating system and meets
cermain prescriptive thresholds (7.3.1), no
further demonstration of service water heat-
ing compliance is required. IF che thresh-
olds are not met, the Energy Cost Budger
Method must be followed ro demonstrare
compliance.

Power provisions are addressed in Section
8. This section only contains mandarory
provisions (8.2). There are no prescrip-
tive provisions. Voleage drop is limited
(8.2.1) and a ser of manuals and as-buile
drawings must be provided o thc owner
od the power distrit sys-
tem and all major pieces of equipment
(8.2.2).

Ll.ghung is addrmed in Section 9. There
sa d. bsection (9.2}
thar desc nhﬁ ini i nis for
contrals (9.2.1), randem wlnrlg (9.2.2),
luminaire source efficacy for exit signs
(9.2.3), interior lighting power definitions
(9.2.5), and luminaire source efficacy for
exterior lighting fixoure (9.2.6). A pre-

plics. Itis the simplest caleulation meth-
odology for lighting,
The Space-by-Space Method calculations
(9.3.1.2) arc applicd to mixed-use
projects. The method essentially aggre-
gates multiple instances of building area
method calelations for different occu-
pancies. Trade-offs berween different
spaces are allowed as long as the toral pro-
posed lighting power densiry is less than
the sum of the lighting power budger al-
lowances for all individual occupancies.
If the Encrgy Budget Cost Method is used
for the overall building compliance, the
proposed lighting design in the Energy
Budger Cost Method model must be
based on the lighting power density re-
quirements of the prescriprive methods
1o demonstrate compliance,
Other Equipment including eleceric
maotors is addressed in Secrion 10, This
section only contains mandatory provi-
sions (10.2). There are no prescriptive
provisions. All motors must comply with
the requirements of the U.S. Energy
Tolicy Act (EPAct) of 1992 (10.2).
The Energy Cost Budget Method is pre-
sented in Section 11 and describes the pro-
cess to setup and execure a building simu-
larion ro demonstrate compliance, This is
the alternate 1o following the prescripive

ss (wemr[eq[ 1D
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provisions of this standard. It may be ap-
plied e all proposed designs 1o demonstrate
compliance with the standard EXCEPT
those designs thar include no mechanical

ergy and resource efficiency of commercial
and multi-unit residential buildings.

American Council for an Energy Effi-

system, MNote thar this method muse be used
w0 claim EA Credir 1: Optimize Energy
Performance. Therefore, it is desimable
begin work on the simulation as soon as
possible so that the energy efficiency ben-
efits of various strategies can be evaluared
early in the design process when there 15
the most fexibiling: FA Credin 1 inchades
more detailed discussion of the Energy Cost
Budger Methad,

Synergies and Trade-Offs
The ASHRAE 90.1 standard is designed

to afford significant rrade-offs in enerpy
efficiency measures while holding the to-
wal energy budger of a building constant
or reducing it Even for the basic com-
pliance path, there are options o rade
off within cach of the Envelope, HVAC,
Wager Heating, Power and Lighting sec-
tions,  Appropriate ve
included in energy cff

ensue optimal indoor g

o st be
y efforts 1o
qualiry.

Calculations

Fallow the calculation and documentation
methodology as presciibed in the referenced
standard.  Recond all caleulanions on the
appropriate ASHRAE forms. Provide these
forms w USGBRC if the credit is audited
during the LEED certification review. FA
Credir | includes derailed discussion of the
Energy Cost Budger Method and the LEED
Enengy Modeling Protocol.

Resources

Weh Sites
Advanced Buildings
www.advancedbuildings.org

Hosted by a Canadian public/private con-
sortium, this site provides explanations,
costs, and information sources for 90 rech-
nologies and practices that improve the en-

cient E:

www.aceee.ons, (202) 429-8873

ACEEE is a nonprofit organization dedi-
cared vo advancing energy efficiency as a
means of promoting both economic pros-
perity and enviconmental protection.
Exercy Star” Buildings Upgrade
Manual

www.cnergystar.gov (Tools & Resources
secrion), (B88) 7R2-7937

This document from the EPA i a guide
for Expncy Stak Buildings Pareners ro use
in planning and impl fizabl,

enerpy-clficiency upgrades in their facili-
tics and can be used as a comprehensive

framewaork for an energy steategy.
New Buildings Lastitute
www.newbuildings.org, (509) 493-4468

The New Buildings Instivuce is a non-
profit, public-benefits corporation dedi-
cated o making buildings beter for
people and th
is to promore energy efliciency in build-
ings through technology research, guide-
lines and codes.

LS. Dep of Energy’s Building
Energy Codes Program

vironment. [ts mission

www.encrgycodes. gov

The Building Energy Codes program pro-
vides comprehensive resources for states
and code wsers, induding news, compli-
ance software, code comparisons and the
Status of Stare Energy Codes darabase.
The database includes state encrgy con-
tacts, code status, code history, DOE
grants awarded and construction data.

U.S. Department of Energy’s Office of
Energy Efficiency and Renewable Energy

www.eere.cnergy.gov, (800) DIAL-DOE

A comprehensive resource for Depart-
ment of Energy information on energy



efficiency and renewable energy, includ-
ing access to encrgy links and
downloadable documents.

Print Media

ASHRAE Standard 90.1-1999 User's
Manual, ASHRAE, 1999,

The new 90.1-1999 User's Manual was
developed as & companion document to
the ASHRAE(TESNA Standard 90.1-
1999 (Energy Standard for Buildings Ex-
cept Low-Rise Residential Buildings).
The User's Manual explains the new stan-
dard and includes sample caleulations,
useful reference marerial, and information
on the intent and application of the stan-
dard. The manual is abundandy illus-
rrared and conrains numerous examples
and tables of reference data. The manual
also includes @ complete ser of compli-
ance forms and worksheets chat can be
used ro document compliance with the
standard,

The User's Manual is helpful to archirects
and engineers applying the standard w
the design of huildings; plan examiners
and field inspectors who must enforce the
standard in areas where it is adopred as
code; and contractors who must construce
buildings in compliance with the stan-
dard. A compact disc accompanies the
User’s Manual and contains the EnvSed
4.0 Computer Program for performing
building envelope trade-offs, plus elec-
tronic versions of the compliance forms
found in the User’s Manual.

Commercial Lighting Efficiency Re-
source Book, EPRI, 1991.

Sustainable Building Technical
Manual, Public Technology, Inc., 1996,

MR[EQ| D]
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CFC Reduction in
HVAC&R Equipment

Intent

Reduce ozone depletion.

Requirements
Zero use of CFC-based refrigerants in new base building HVAC&R systems, When
reusing existing base building HVAC equiy complete a comprehensive CFC phase-

Ut Conversion.

Submittals

O Provide a LEED Letter Template, signed by a licensed professional engineer or
architect, declaring that the building’s HVAC&R syseems de nor use CFC-based
refrigerants.

< e e

y of R ed
There is no standard referenced for this credit.

Required

LEED-NC Version 2.1 Reference Cuide
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Credit Synergies

EA Prerequisite 2
Minimum Enirgy
Perinrmance

EA Credit 1
Optimize Engy
Perormance

FA Credit 4
Ozone Diplétion
MR Credit 1
Buibleling Feuse
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Green Building Concerns

Older refrigeration equipment uses chlomf-
luoracarbons (CFCs) in refrigerants, CFCs
are the roor cause of serious environmental
and healdh problems, The reaction berween
a CFC and an ozone molecule in the carths
stratosphere destroys the czone and reduces
the saatosphere’s ability to absorb a por-
tion of the sun's ultravioler (L) radiation,
Overexposure o UV rays can lead o skin
cancer, canaracts and weakened immune
systems. Increased UV can also Jead 1o re-
duced crop yield and disruprions in the

marine food chain.

CFCs fall into a larger catepory of azone-
deplering substances (ODSs). The United
States is one of the world’s largest emiteers
of ODSs. As s ions taken in the
United States 1o limit the release of ODSs
have a significant impact on global O[S
release, Recognizing the profound human
hiealth risks associated with orone depletion,
160 countries. have agreed ro follow the
Montreal Protocol on Substances thar De-
plete the Ozone Layer since the late 19805,
This treaty includes a omerable for che
phase-out of production and wse of ODSs,
In compliance with the Montreal Proocol,
CFC prosuction i the United Srates ended
in 1995,

As part of the ULS. commitment to imple-
menting the Montreal Protocol, Congress
added new provisions to the Clean Air
Act designed o help preserve and procect
the stratospheric ozone layer, These
amendments require the ULS, Environ-
mental Protection Agency (EFA) to de-
velop and implement regulations for the
responsible management of ozone-depler-
ing substances in the Unired Stares. EPA
regulations include programs tha ended
the domestic producton of ODSs, i
dified safe and effeceive alterna
ODSs, and require

facturers to la-

Environmental Issues

Leaks in refrigeration cireuits result in CFC
releases invo the aunosphere. CFCs destroy
stratospheric ozone molecules through a
catalytic reaction that splits the molecule,
The reaction renders the ozone incapable
of shielding the earth againse incoming ul-
wviolet radiation. CFCsin the seratosphere
also absorh infrared radiation and function
as porent greenhouse gases.

Banning the use of CFCs in refrigerants
shows the depletion of the orone layer and
reduces the accumulagion of greenhouse
gases and the potential for global climate
change, Thoughthully choosing equipment
can also result in grearer energy efliciency.

Economic lssues

CFC production in the United States was
completely phased our by the end of
1995, Alchough it is possible to obrain
CFC refrigerants from existing stocks
(bath virgin and recycled), competition
for these materials will increase dramari-
cally in the fumure, Shrinking supplies
combined with continued demand has
increased the cost of the remaining CFC
stockpile higher, thus altering the eco-
nomics of refrigerant and fiee suppression
ﬁyhﬂ.‘m conversion.

Specification of pon-CFC building equip-
ment is now standard as no new systems
ng CFCs are being manufactured,
Existing building renovations will require
additional first costs to convert or replace
systems currently using CFCs, Most new
non-CPC HVAC systems and reflrigerants
are cost-compettive with CFC equip-
ment. Replacement rather than canver-
sion of HVAC systems may increase
equipment efficiencies and enable projects
to reap energy savings over the life of the
building.

bel praducts either containing or made
with chemicals thar have a significant
wzone-depleting potential,

C ity lssues

Ozone depletion negatively affects the
Earth and s inhabitants. Human beings
overexposed to UV rays are at a higher



risk of developing skin cancer, cataracts
and weakened immune systems. In-
creased UV contribures 1o reduced crop
yield and disruptions in the marine food
chain. Elimination of CFCs in building
equipment reduces ozone depletion and
in turn minimizes the health and CIWI'
ronmental risks as well as their i

Synergies and Trade-Offs

This prerequisite is the ﬂrst step ina two-

g
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step process (o reduce a t g5 con-
ion to the ozone d bl
Also see EA Credir 4. Ithe pmjoc: does
not contain mechanical refrigeration
r:qu.lpmcn( then the project meets the re-
of the isi

economic impacts.

Design Approach

Specify only non-CFC-based refrigerants
in all base building HVAC&R and fire
suppression systems.  In existing struc-
tures, check HVAC, refrigerant equip-
ment and fire suppression systems before
beginning design work. Ifequipment uses
CFCs, the owner must complete a refrig-
erant change-out prior to completion of
the project. These requirements also ap-
ply to central or district cooling facilities.
Strategies
Caonsider the characreristics of various
CFC substitutes. Refrigerants have vary—
lng ippli liferimes, d
ing porentials (ODPs) and global- w:rm
ing potentials (GWDs). Table 1 provides
examples of environmental liferimes,
ODP values and GWP values for a vari-
ety of refrigerants.  Refrigerants should
be chasen that have short environmental
lifetimes, small ODP values and small
GWP values. The phase-out period of
CFC substitutes should also be ml(cn into
when specifying
Some of these refrigerants are mp:ahl:
alternarives roday bur have relarively shore
phase-our deadlines,

Technologies

No “ideal” alternarive for CFCs has been
developed. See the EPA’ List of Substi-
tutes for Ozone-Depleting Substances
{www.cpa.goviozone/snap) for a current
listing of al 0 CFC refrigy

Nore that some alternatives are not suit-
able for retraties.

q 1 Refrig-
erarion equipment and refrigerant choices
will impact on the energy performance
of the building. Thus, it is important w
balance energy efficiency wich refrigera-

Table 1: Refrigarant Emvironmemal Data

Refrigerant  Lifetime ODP GWP
CFC-11 1 4000
CFC-12 100 1 8500
CFC-13 640 1 11,700
cFC113 85 1 5000
CFC 114 300 1 9300
CFC -115 1,700 1 9500
Halon 1211 " 3 nfa
Halon 1301 65 10 5600
Halon 2402 n'a L mia
HCFG-22 12 006 1700
HCFC-123 1 o002 93
HCFC-124 6 002 480
HCFC-141b 8 o1 B30
HCFC-142b 19 007 2000
HFC-32 586 o 650
HFC-125 326 0 2800
HFC-134a 146 ¢ 1,300
HFC-143a 48.3 0 3,800
HFC-152a 1.5 o 140
HFC-236fa 209 0 6300

‘Souurma: B4 Dzona Dupdlin Web Ske.
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von choices. In building reuse projects,
it may be costly or difficult to upgrade

LS, Green Building Council
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building equip thar currently uses
CFCs,

Resources

Web Sites

Benefits of CFC Phase-out

www.epa.goviozone/geninfo/
benefirs.homl

An EPA document on the benefits of
CFC phase-our, including brief case stud-

1es.
U.5. Envirenmental Protection
Agency’s Ozone Depletion Web site

www.epa.goviozone, (800) 296-1996

Provides information about the science of
ozone depletion, the regulatory approach
1o protecting the czone layer (including
phase-our schedules) and alternarives to
ozane-depleting substances,

U.S. Environmental Protection
Agency'’s Significant New Alternatives
Policy (SNAP)
www.cpa.goviezonc/snap, (800) 296-
1996

An EPA program to identify alternatives
to ozone-depleting substances, the SNAP
Program maintains up-to-dare lists of
environmentally friendlier substitures for
refrigeration and air conditioning equip-
ment, solvents, fire suppression systems,
adhesives, coatings and other substances,

Print Materials

Building Sy P T
Manunal, SMACNA, 1995,

CFCs, HCFC and Halons: Professional
and Practical Guidance on Substances
that Deplete the Ozone Layer,
ASHRAE, 2000.
The Refrig M ging
The Phase-Out of CFCs, BOMA Inrer-
narional, 1993.

1. M.

Definitions

Chlorofluerocarbons (CFCs) are hydro-
carbons thac deplete the strarospheric
ozone layer,
Hydrochlorofluorocarbons (HCFCs)
are refrigerants that cause significantly less
depletion of the stratospheric ozone layer
compared o CFCs.

Refrigerants arc the working fluids of
refrigeration cycles. They absarb heat
from a reservoir at low temperatures and
reject hear ar higher temperatures,



Optimize Energy Performance
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Credit 1

Intent

Achieve increasing levels of energy performance above the prerequisite standard o
reduce envi | impacts iated with excessive encrgy use.

Requirements

Reduce design energy cost compared 1o the energy cost budger for energy systems
regulared by ASHRAE/MESNA Standard 90.1-1999 (without amendments), as dem-

d by a whole building simulation using the Energy Cost Budger Method de-
seribed in Section 11 of the Stndard,

MNew Bldgs.  Existing Bldgs. Points

15% 5% 1

20% 10% 2

254 15% 3

30% 20% 4
354 25% 5
0% 30% 6
454 35% 7
50 40% 8
55% 459% 9
0% 508 10

Regulated energy systems include HVAC (heating, cooling, fans and pumps), service
hot water and interior lighting. Non-regulated systems include plug loads, exterior
lighting, garage ventilation and elevarors {vertical rransportation), Twe methods may
be used ro separate encrgy consumption for regulated systems. The energy consump-
tion for cach fuel may be prorated according to the fraction of energy used by regulated
and non-regulated energy. Alternagively, separate merers (accounting) may be created
in the energy simulation program for regulated and n gulated energy uses.

1Fan analysis has been made comparing the proposed design to local energy standards
and a defensible equivalency (at minimum) w ASHRAEIESNA Srandard 90.1-1999
has been established, then the comparison against the local code may be used in lieu of
the ASHRAE Seandard.

Project teams are encouraged to apply for innovation credits if the energy consump-
tion of non-regulated systems is also reduced.

Submittals
3 Complete the LEED Letrer Template incory gaq summary table
showing the energy saving : mies incor lin the building design.

1-10 points

LEED-NC Version 2.1 Reference Guide
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U Demonstrate via summary printout from energy simulation software chat the de-
sign energy cost is less than the energy cost budget as defined in ASHRAENESNA
9(1.1-1999, Section 11.

Summary of Referenced Standard

ASHRAE/TESNA 90.1-1999: Energy Standard for Buildings Except Low-Rise Resi-
dential

Amcrican Society of Hearing, Refrigerating and Air-Conditioning Eng
www.ashrac.ong, (800) 5274723

Standard 90.1-1999 was formulated by the American Society of Heating, Refrigerar-
ing and Air-Conditioning Engincers, Inc. (ASHRAE), under an American National
Standards Institute (ANSI) consensus process. The project commitsce consisted of
more than 30 individuals and organizations i d in commercial building encrgy
codes for non-residential projects (commercial, institutional, and some portions of
industrial buildings) as well as for high-rise residenial buildings. The Hluminating
Engincering Secicry of North America (IESNA) is a joint sponsor of the standard.
The standard is also the basis of Chaprer 7 of the International Code Council’s 2001

International Encrgy Conservation Code, and forms the basis for many of the com-
mercial requirements in codes that states consider for adaption. U.S. statc encrgy
codes that are equivalent or more stringent than the referenced standard are identified
on the U.S, Department of Energy'’s Building Energy Codes Web site (sce the Re-
sources section for more details).

Standard 90.1 establist ini Jui for the energy-efficient design of
buildings, except low-rise residential buildings. The provisions of this lard do not
apply to single-family houses, multifamily strucrures of three habicable stories or fewer
abuve grade; manufactured houses (mabile and modular homes), buildings that do not
use either u]ocmclry or fossil ﬁ.ul areq ip and portions of building systems that
use energy p ily for ind Acturing or AT processes, Building
envelope rcqulremcn(s are provided for semi-heared spaces, such as warchouses.

Table 1: Scope of Regui dlefressed by ASH 90.1-19F

ASHRAENESNA 90.1-193% Components

Section 5:  Building Envelope (including semi-heated spaces such as warehouses)

Section 6:  Heating, and Air-Condi parklng garage ventilation,
freeze protection, exhaust air energy ¥, and y for service
water heating)

Section 7:  Service Water Heating (including swimming pools)
Saection 8 Power (including all bullding power distribution systems)

Section 9;  Lighting (including lighting for exit signs, building extenar, grounds, and
parking garage)
Section 10; Other Equipment {including all p wired electrical motors)




For EA Credic 1, LEED relies extensively on the performance compliance path of the
standard, the Energy Cost Budger Method (ECB Method). The method provides
performance criteria for the components lisred in Table 1.

The ECB method is intended to d pliance with ASHRAL/TESNA 90.1-
1999 through an interactive model thae allnws comparison of the total energy cose for
the Proposed Deesign and a baseline design (Budger Building). To accomplish this
efficiently, a number of restrictions on the modeling process are imposed by the stan-
dard. Examples include simplified climate data, the facr thar both buildings muse have
a mechanical system, and thar process loads are to be included in both designs. Impor-
tant restrictions thar must be addressed to achieve compliance with the credin are high-
lighted in the Calculations section.
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Credit 1

Green Building Concerns
Energy efficiency reduces the harmful

Credit Synergies

55 Credit 7

Landscape & Exterior
Design o Reduce

Heal lslands

EA Prerequisite 1
Fundamental Building
Systems Comenissioning
EA Prerequisite 2
Minimum Energy
Performance

EA Provequisite 3

CFC Reduction in
HVACAR Fguipmen |
EA Credit 3 |
Additional
Commissioning

EA Credil 4

Ozone Depletion

EA Credil 5
Measurement &
Verification

MR Credit 1

Building Reuse

EQ Prerequisite 1
Mimirmun IACH
Perfermance

EQ Credit 1

Carhon Digxide (00}
Monitoring

EQ Credit 2

Increass Ventilation
Effectivencss

EQ Credit &
Controdlability od
Systems

EQ) Credit 7

Therral Comiboe

EQ Credit 8

Daylight & Views

| side effects of energy pro-
duction and use. Institution of energy-
efficiency measures can be done at no cost
to occupant comfort or building services.
Many energy-cfficiency measures result
in a more comfortable indoor environ-
ment while reducing operating and fisst
costs. Even small energy savings have in-
| effiects on the ¢ neand

envir

=

cost savings.
Environmental Issues

Convenrional forms of energy production
have devastating environmenral effects.
Production of electricity from fossil fuels
creates air and warer pollurtion; hydroelec-
tric generation plants can make warer-
ways uninhabirable for indigenous fish;
and nuclear power has safety concerns as
well as problems with disposal of spent
fuel. Refer w the Inroduction of the
Energy & Atmosphere section for more
information.

Economic Issues

Many energy-efficiency measures do not
require addicional first costs. Those mea-
sures that do result in higher first costs
often create savings realized from lower
energy use over the building lifetime,
downsized equipment, reduced mechani-
cal space needs, and utility rebates. These
savings can dwarf the increased first costs,
Payback periods for many off-the-shelf
energy efficiency measures are generally
short. With more sophisticated inte-
grated design, some systems can even be

LS. Green Building Council
136

The importance of even small energy-ef-
ficiency measures is significant. For in-
stance, by replacing one incandescent
lamp with a fluorescent lamp, production
of three-quarters of a ton of carbon diox-
ide and 15 pounds of sulfur dioxide are
avoided aver the lifetime of the lamp.
This substitution also saves $30-$50 in

energy costs over the operating lifecime
of the lamp.

Community Issues

Energy-efficiency measures result ina more
pleasant indoor environment and can in-
crease worker producrivity. Forward-think-
ing businesses are now actively leveraging
their facilities as a strategic 100l to attract
and rerain employees, Energy-efficiency
measures result in lower and more stable
energy prices. Reduced energy use also re-
sults in less global-warming potental, lim-
its the impact of natural resource extraction
activities, and prevents water and pollution,
benefiting everyone.

Design Approach

The ASHRAE/TESNA 90.1-1999 inter-
active calculation method is a powerful
and vesarile tool for comparing the rela-
tive costs and benefits of different energy
efficiency strategies. The design case is
modeled first, and then mandatory and
prescriptive provisions of the standard are
applied to devise the baseline case. For
instance, if the design case has a passive
solar design wich daylighting, then the
baseline case is based on the same build-
ing geometry. The terminology used by
90.1-1999 is used in this LEED eredit.
The rerm “Design Energy Cost” refers to
the design case of the project. The term
“Encrgy Cost Budget” refers to the
haseline case of the project as defined by
the standard.

The modeling mer gy din
Section 11 of the ASHRAEMTESNA 90.1-
1999 User’s Manual describes procedures
for establishing the proposed Design En-
ergy Cost and the baseline Energy Cost
Budget. Standard ASHRAE forms are
provided in the User's Manual. Use these
forms to rrack progress during paramer-
ric studies and as support documents for
this eredir.

Foadod 14,

ded 1l

Tuis rec

o start g early
in the design process. Note thar the ECB



method starts with the Proposed Design
and then backs our the Budget Building.
Consequently, as the design progresses
from schematics through final drawings,
it will be necessary o revise the Budget
Building in resp 0 the evolution of
the Proposed Design.

Starting the modeling early can provide
insights for design decisions and can pro-
videan early indication of whar it will take
to achieve certain levels of energy cost re-
ductions for a particular projecr. Many
energy efficiency measures (such as bec-
ter windows, more insulation, more effi-
cient lighting] have impacts on borh heat-
ing and cooling, sometimes in a complex
manner. The modeling methodology
shows the interactive effects of energy ef-
ficiency measures across all the building
systems. For example, when the lighting
wattage is changed, this affects both che
heating and conling energy consumption.
When more energy efficient [ighring

T HEH

local urility rate structure applicable ro the
praject. There may be uncercainty as to
what rate schedule will apply to the
praject due to a long planning horizon,
or due to deregulation of the power in-
dustry in some states. In chis case, use
default purchased energy costs as listed
in Table 4. To earn this credit, the De-
sign Energy Cost must be less than the
Energy Cost Budger.

Strategies

Three fundamental strategies can increase
energy performance: reduce demand, har-
vest free energy, and increase efficiency,
Accomplish demand reduetion by chal-
lenging initial use assumptions, by in-
creasing plug load efficiencies, and by re-
ducing internal loads and gains through
shell and lighting improvements. Har-
vesting site energy includes using free re-
sources such as daylighr, ventilation cool-
ing and solar heating to sarisfy needs for
space conditioning, Finally, the efficiency

(lower wateage) is inahb

in a hot climate with lirtle or no hearmg,
the madel will indicare how much addi-
tional energy savings there are in space
cooling (due to lower internal loads) and

of the building HVAC system should be
maximized to meet the other building
conditioning requirements.

This d1m.~m~p zppruuch to optimize en-

how much the peak cooling equip

can be downsized (for first cost savings).
For a cold climare, the model will show a
somewhat lower cooling savings, but also
some increase in heating (due o a lower
internal load). In almost all cases, chere
will be savings beyond that of the light-
ing alone, with the maost savings in the
hottest climates and the least in the cold-
est climares.

The unit of measure for energy perfor-
mange required for this credic is the an-
nual energy cost expressed in dollars.
Annual energy costs are determined us-
ing raees for purchased energy such as elec-
ericity, gas, oil, propane, steam and chilled
water that arc approved by the adopting
authority (e.g,, state or local government).

In the absence of an adopted rate struc-
ture, the applicant may propose use of the

ey p ce is the most effective
method to exceed performance require-
menss of the referenced standard. When
applying this approach, it is important to
establish and document energy goals and
expectations, and apply modeling tech-
niques to reach these goals.

Demand reduction is the first step o
optimize building energy performance.
Reduce demand through design strategies
such as reducing the overall building foot-
print to decrease the rotal space thar will
require conditioning, relaxing rempera-
cure design criteria to allow for a wider
acceptable range of indoor temperatures,
and utilizing occupancy sensors 1o auro-
matically turn off cquipment when build-
ing occupants are not present,

Lighting comprises 2 major fraction of a
commercial building’s encrgy budger. For
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interior lighting, reference the guidelines
of the llluminating Engineering Sociery
of North America (IESNA) and follow
the recommended illumination levels.
Lighting should be designed for specific
needs such as task lighting to reduce am-
bient lighting requirements.

Harvesting free energy is the second step

tion on the site is established, the size and
position of doors, windows and vents can
be determined based on heating, lighting,
cooling and ventilating considerations.
For example, the building fenestration can
be designed to optimize narural
daylighting, heating and cooling. A solar
path analysis for the site, as well as aper-
ture optimizacion studies, can be applied

in inereasing building energy per

and invalves meeting as much of the en-
ergy load as possible with free sources
available on-site. Strategies such as wrn-
ing off lights when daylight is available,
using cool nighttime air for ventilation
cooling, and extracting thermal value
from the ground through geothermal ex-
change are all forms of site energy har-
vesting,

Building orientation is a crucial element
to harvesting site energy. Rules of thumb
for passive solar orientation and optimal
building sections are well developed and
can be found in references. Appropriare
envelope design and material choices
should reflece the local elimare, Consid-
erations include use of the building’s ther-
mal mass to mitigate diurnal temperature
variations, strategic placement of windows
to employ natural yentilation, use of ap-
propriate insulation and glazing, and use
of appropriare colors to reflect or absorb
heat from the sun while avoiding possible
glare problems,

To realize simple solar control, the build-
ing should be aligned on an east-to-west
axis. Sun, wind and light should all be
considered when designing the building,
Solar gain through the building’s roof,
walls and windows can be beneficial or
detrimental to the buildings energy per-
formance. For example, exterior overhang
elements can be employed o shade win-
dows in summer manths and allow for
heat penetration in winter months. In
some climates, radiation or evaporative
cooling schemes are appropriate,

Onee an advantageous building orienta-

to derermine oprimal size, location and
orientation for windows, floors and sky-
lights. Glare and direer sunlight on task
areas should be minimized, and it may
be desirable to filter incoming daylight
with planes, draperies, sereens, rranslucent
shades or light-scartering glazing. Inee-
rior finishes should be specified o en-
hance daylighring based on reflectance,
To maximize daylight penetration, locate
windows high on walls or usc clerestorics
and light shelves. Light pipes or fiber-
optic devices can be used w introduce
daylight in less accessible spaces. Locare
storage areas, restrooms and low-occu-
pancy areas in the buildings central core
while locating regularly occupied spaces
in perimeter areas. Skylights and roof
monitors can use baffles w diffuse light
and reduce glare. Glazing should be se-
lected o balance the need for light trans-
mission with desired insulating and shad-
ing performance. Daylighting schemes
can incorporate automatic lighting con-
trals to respond to available daylight.

Haoles and cracks in sills, studs, joists and
other building ¢lements should be
plugged, caulked or sealed to reduce or
eliminate infiltration. Other air barriers
include weather-stripping on doors and
scaling gaskets on operable windows,
Thermal bridging should be avoided
when using materials such as megal fram-
ing that conduct hear or cold through
walls or cantilevered decks.

Increased efficiency is the final step to-
ward optimizing energy performance and
is best realized through application of
stare-of-the-art equipment to meet the



minimized building energy load. This
step is applied after the first two steps {de-
scribed above) are fully implemented.
New, high-performance lighting contin-
ues to evolve and become standard in the

rkerplace. Recent develoy in-
clude the T-5 Aucrescent light and ultra-
high efficiency sulfur lamp. Fluorescent
lamps should be sclecred over incandes-
cent bulbs due to their markedly berrer
light output per kilowact ratio. Compact
Auorescent lamps typically use 75% less
energy and lase 10 times longer than in-
candescent bulbs. When using linear
fluerescents, use a combination of T-5 or
T-8 lamps and electronic ballasts that are
housed in fixcures with a high coefficient
of utilization {CL7).

For exterior lighting, use meeal halide
lamps, low-remperature fluorescents and/
or solar powered fixtures. For emergency
lighting, use highly efficient LED (light-
emirting diode) Enercy STar-raced exir
signs, A rypical long-life incandescent exic
sign consumes 40 warts and ies lamps
must be replaced every eight months, A
rypical compact Aluorescent exit sign con-
sumes 10 warts and the lamps must be
replaced every 1.7 years, on average. A
typical LED exit sign consumes less than
5 wates and has a life expectancy of over
80 years. Also consider electrolumines-
cent signs that only use 0.5 wares.

Optimize HVAC system efficiency by net
aversizing plant equipment. All compo-
nents should be sized appropriately and
take into account other energy perfor-
mance measures incorporared in the
building. Variable-air-volume (VAV) sys-
tems can be used to reduce energy use
during part-load conditions. In certain
climates, economizer cycles can rake ad-
vantage of free eooling using outside air
within appropriate temperarire ranges.

Size duct work appropriacely and install
balancing dampers o reduce velocity
losses. Ducts with larger cross-sectional

areas have much lower air resistance and
can reduce fan energy significantdly. Duct
cross-section shapes such as round or aval
duet work can further reduce venrilation
losses, Lower air speeds in ducts reduce
energy needs and noise, Ducs work should
be insulated and sealed. Indoor air qual-
ity issues should also be considered when
selecting and insralling duct insulation.

Specify high-performance chillers and
multiple chillers of various sizes to be step-
engaged in order to efficiently meet par-
tial load demands. Specify high-cficiency
motors for all applications and variable
speed drives for fans, chillers and pumps.

Use tank insulation, anti-convection
valves, hear traps and smaller heaters with
high recovery rates to reduce energy re-
quirements for service water heating,
pumping and purification. Time-of-day
controls can further oprimize energy per-
formance.

Consider installing an effective energy
management and contral syseem or a di-
rect digital control (DDC) electronic sys-
tem. A good energy management system
will facilitate smooth building start-ups
and shurdowns as well as oprimize cffi-
ciency and occupant comfort. Control
of the management system should include
zone-level controls. Occupancy sensors
can be used to light spaces only when
people are present, resulting in lighting
energy savings of up to 60%.

Diseributed Generation (DG) and Co-
generation (Cogen) can be used 1o in-
crease delivered energy efficiency and re-
urilize waste energy from existing process
loads. Cogencration, also known as Com-
bined Hear and Power (CHP), is the si-
multaneous production of elecrricicy and
useful hear from the same fuel or energy.
Distributed Generation is the use of
small-scale power generation rechnologies
located at or close to the load being served.
Because no long-range transmission of
electricity generated on-site is required
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and waste heat from the generation pro-
cess is utilized, the delivered efficiency of
DG and Cogen Ffacilities can be far supe-
rior to electnic grid power.

Synergies and Trade-Offs

The y to employ energy-effi-
clency mmurﬂ' depends in part on the
chosen project site and site design, Sires
with greater opportunity for solar and
wind opportunities should be given pref-
erence. Reducing heat island effects can
reduce ambient temperature conditions

and thus space-cooling requirements.
Landscaping can be used to protect the
building from wind and to provide shade.
Design of site lighting can have a signifi-
cant cffect on energy use.

Water systems can also affect energy use.
Automated irrigation and plumbing fix-
tures require energy for operation. Con-
versely, low-flow plumbing can save en-
ergy required for warer pumps and hot
warer heating, Commissioning and mea-
surement & verificarion acrivities have a
significant ¢ffect on energy use and can
ensure that predicted energy s:win.g; are

cally in the Budger Building and Proposed
Deesign, excepe as specifically instructed
in 11.4. While the ECB Method makes
sense for a code compliance ool it is less
useful in determining how far green build-
ing performance may go beyond conven-
tonal practice. o provide guidance to
LEED users, and to reward energy effi-
ciency measures that are otherwise not
recognized by the referenced standard, the
LEED Erergy Modeling Protocol (EMP)
was created.

The LEED Energy Modeling Protocol
(EMIY) has some major differences from
the ECB Method, which are listed below
to assist the user with the challenges of
modeling a green building. The ECB
Method is followed unless the LEED
EMP makes exceptions or clarifications
to the ECB Method. The basic method
of demonsirating compliance is to first
model the proposed design, and then set
the model parameters back to defauls pre-
scriptive values, thus establishing a Bud-
get Building (baseline) for comparison.

Schedules of operation must be the same:
for the proposed and budger building

realized.  Reuse of an existing buildi
may limicenergy performance efforts, but
there are environmental benefits with re-
gard to materials and construction waste.
Building desigs may cxp c trade-
ot bietiveeii energy efficiency and indoor
environmenaal quality. The provisions for
encrgy efficiency should be balanced with
the prefecred levels of thermal comfore
and vencilacion effectiveness.  For ex-
ample, thermal comfore criteria will in-
teract with the HVAC design modeled in
the simulation,

Calculations

LEED relies extensively on the perfor-
mange compliance pach of the referenced
standard, which is called the Energy Cost
Budger method (ECB Methed). ECB
section 11.4 requires that all building sys-
trems and equipment be modeled identi-

models, Exquiy use profiles may not
be estimared using schedule changes. For
example, daylighting controls cannor be
approximated by turning off che lighting
in the model for a portion of the day. The
proposed design model must simulare
performance of the daylighting control in
response to daylight availabilicy. See Sec-
tion 11.3.11 of the 90.1-1999 User’s
Manual for an explanation.

Table 2: Beunding Comfon Farametens

Temperature Range Hours allowed

85"+ <20
80-85° <50
75-80° =150
B0-657 <50
55-60° <20
<55° not allowed




Design criteria, both climare data and
interior set points, must be the same for

the standard has a restricred ser of HVAC
systems that must be used in the Budgee

the proposed and budget building mod-

Building (baseline) model. Use the ECB

els. For example, if the ASHRAE 2.5%
climare data is used for the proposed de-
sigm, it must also be used for the baseline
or budget case.

Buildings that elecr to follow thermal
comfort indoor design eriteria that meet
ASHRAE Standard 55-1992 should also
pursue Environmental Quality Credir 7.
The EMP recognizes thar the design cri-
teria for a green building are often differ
ent than those used for a conventional
building, and less seringent indoor design
eriteria than Seandard 55-1992 may be
followed.  In an effort 1o keep encray
use comparisons consistent and relaced 1o
a comman definition of comfort condi-
tions, LEED defines some bounding pa-
rameters fora minimum level of comfore
during occupied houts, The bounding,
paramerers are listed in Table 2.

To assure compliance, the appl
determine if the project is wi
bounding parameters by imspection of
valugs shown on the “Building Energy
Petformance Summary fl!i PU)

M::thod to derermine the Budger HVAC
system type. Tables are provided in the
9011 User's Manual for selecting the rer-
minal system and plant conliguration.

The LEED EMP makes one exception to
this rule. For praposed equipment with
less than 150 lonmfumlm,, capaci ry. the
baseline {budget | gl ©

cooling source can be defined as air re-
gardless of the proposed design. The pur-
pose af this exception is 1o encourage
designers to specify more efficient water
based cooling systems over air-based cool-
ing systems in smaller equipment sizes,

HVAC systems in green buildings are
sometimes hybrid or experimental in na-
e, |t may be necessary o approximare
same or all of the functional aspects of
experimental systems.  To conducr the
simulation, an analog mechanical system
The simulation must
be 4 thermodynamically similar model
tht can be used o simulate passive con-
ditioning schemes.

must be creaced.

For example, there are few encrgy simu-

f 1 by most encrgy lation soft-
ware,

This repore typically provides a message
that deseribes “percent of hours any sys-
tem zone outside of thronling range” and!
or “percent of hours any plant load nor
satisfied.” 1f a building falls outside of
these parameters because it uses non-tem-
perature-hascd comfort paramerers,
demonstration of minimum comfore us-
ing the ASHRAE comfort zone depicred
on a psychrometric chart is required.
HVAC systems are generally the same
basic type in the proposed and the bud-
ger cases, Ir is assumed that any erade-
offs an: made berween more or less effi-
cient versions of the chosen system. In
efforts to reduce gaming and 1o simplify
the derermination of code compliance,

lation com| prog that can model
an under-floor venrilaton system. To cre-
ate 2 modeling analog of this system, a
comventional VAV system could be mad-
eled with 63°F supply air, extended
economizer hours, and a waller return air
plenum modeled o caprure all of the heat
from Elbhtj and some fraction of the inte-
rior gains such as plug loads. Energy
modeling judgment is required 0 creare
this representation, and should be com-
pleted by an experienced energy analyst.
Use the LEED Credit Interpresation pro-
cess to have special modeling approaches
approved.

Both the ECB Method and the LEED
EMP assume that even il a heating or
cooling system is not installed ar the time
of construction, future occupants might
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elect m use energy-consuming remporary
measures for conditioning needs. Special
cases of absent heating or cooling systems
require the modeling of a defaule system
to establish the ECB.

For example, in a building cooled only by
passive ventilation, occupants may resort,
to personal space fans in large numbers,
eliminating the expected energy savings.
Buildings that do not have one of these
systems must have the ECB modeled with
an HVAC system thar meers the mini-
mum Prescriptive Requirements of the
referenced standard,

The approach described above may cre-
are problems when a green, nan-conven-
tional system is proposed. If no clear
HVAC System Map (Table 11.4.3) choice
is apparent, then no clear set of prescrip-
tive values for the default green system
exists, In other cases, the HVAC System
Map would lead the modeler to conclude
thar a baseline system quire different than
the proposed design should be selecred.
This decision conflicts with the ASHRAE
Seccrion 11 approach of holding the
baseline and design systems constant to
determine energy savings. When in
doubt, use the Credit Interpreration pro-
cess to have system modeling choices ap-
proved.

Fan energy is separated from the cooling
system in the ECB Method. Thus, if the
HVAC manufacrurer provides an overall
efficiency rating, such as an energy effi-
ciency ratio (EER), it must be separated
into the component energy using the co-
cfficient of performance (COP) or other
conversion factors. See Secion 11.4.3 of
the User's Manual for more information.

Outdoor air ventilation can be a major
energy consumer bus it is not considered
an opportunity for energy savings using
[hc referenced 1 | Ve ilati rates
must be the same in both the proposed
and budget building designs. 1fheat re-
covery is required (see Secrion 6.3.6.1),

then it must be modeled in both cases.
See Section 11.4.3d of the User's Manual
for more information.

Envelope criteria of special significance
include mof and shading devices. Reflec-
tive roofs that have lower heat absorption
can be modeled differently and are given
credit for reduced hear gains. If the re-
flective roof is raved at a minimum reflec-
tance of 0.70 and a minimum emiteance
of .75, the praject is not required o use
the defaule 0.30 value. Qualifying roofs
can use a modeled value of 0.45 which
accounts for age degradation of the roof
over time.

Overhangs and orher shading projec-
tions in the proposed design can receive
credir against fenestration flush 1o the
cxterior wall of the Budger Building if
these features reduce the solar gains on
the glazing, The modeler should include
the differences between the budger and
proposed cases as appropriate. lnterior
shading devices such a mini-blinds and
Lurmiﬂs Ehlt are not Pﬁrmx“e“: cannot
be used in the ECB Method to reduce
energy costs of the proposed case below
the budget. [nterior shading devices must
be modeled identically for the propased
and budget cases. See Section 11.4.2 of
the 90.1-1999 User’s Manual for an ex-

planation.

Lighting is to be modeled the same ex-
ceptas identified in 11.4.5. For lighting,
credit can be taken for lower installed
lighting wattage. Lighting controls (pri-
marily ic shutoff) are leled
using lighting schedules. Daylighting
contrals are not modeled in the budget
building, but may be modeled in the pro-
posed building design. If modeled, the
controls must be based on the response
to daylighe levels, not a change in the
lighting schedule. See 90.1 Section 11.4.5

for more information.

Othai gutlated by Standard
901.1-1999 include: parking garage venti-




lation (6.2.3.5), freeze protection and
snowlice melting systems (6.2.3.8), ex-
haust air energy recovery which applies
to laboratory systems unless they comply
with 6,3.7.2 {6.3.6.1), condenser heat
recovery far service warer hearing which
applics primarily w laundries in hospi-
wls (6.3.6.2), kitchen hoods {6.3.7.1),
laboratory fume hoods (6.3.7.2), swim-
ming pools (7,2.2 & 7.2.5), “all building
power distribution systems” (8.1), exit
signs (9,2.3), exterior building grounds
lighting {9.2.6), parking garage lighting
(9.3.1, Tables 9.3.1.1 & 9.5.1.2), build-
ing exterior lighting including entrance,
exit, and fagade lighting (9.3.2), and “all
permanently wired elecrrical motors”
(10.1). Credit can be taken in the pro-
posed building for improvements over the
minimum requirements lisied above for

the budger building,

Process energy or other energy-relired
systems that generate internal hear gains
orinteract with other enerpy systems need
1o be carefully assessed and must be mod-
eled i both the proposed and budger
designs. ASHRAE provides only limined
gundance on the defininon af process
Toads, stating thar it is “the energy con-
sumed in suppore of manuficturing, in-
dustrial or commercial processes not re-
lated 1o the comfort and amenities of the
building’s aceupans.”

In the absence of direction in the 19949
version of the standard, LEED users are
dirccred w use the minimum recepracle
loads recommended in che 1989 version
of ASHRAE as lisved in Table 3. If there
are substantially larger plug loads, they
must be modeled identically in the pro-
posed and baseline cases. For example,
many technology companies have large
plug loads associated with multiple com-
puters per user. Be aware, though, that
maost equipment naw has an energy saver
maode, so the nameplate load is rarely ex-
perienced. ASHRAE has done much re-
search in this area. Before using name-

Table 3: Minimum Receptacle Loads

Use Raceptaf.ll::e(:;let;

TWISF]
Assembly 025
Office 078
Retail 0.25
Warehouse 010
School Q.50
HotelMate| 0.25
Restaurant R
Health 1.00
Multi-family Ses ASHRAE 80.1 HE:ISE}

plare ratings for load calculations, refer
to Chaprer 29 of the 2001 ASHRAE
Handbook of Fundamentals for recom-
mended hear gain from typical computes
equipment { Table 8} and other equipment
{Tables 5-10). These loads should be
deled nsing bl i
and must be modeled identically in both
the budget and proposed cases.

Energy Rates arc an important part of

the ECB Method. Rates from the local
urility schedules are the defaule oprion w
compute energy costs. The intent is to
encourage simulations that provide own-
ers value and help them minimize their
encrgy costs. The modeler needs o use
the same rates for both the budgee and
proposed building designs.

In the absence of a local urility tare sched-
ule, or of encrgy rare schedules approved
by the local ASHRAL/TESNA 90.1-1999
adopting authority, the applicant may use
the energy rates listed in Table 4. This
table is based on Table 11-K from the 90,1
User’s Guide, and the data published pe-
riodically in the document DOE/ELA-
0380 (2000/03). Regardless of the source
of the rare schedule used, the same rare

ss [weEYmr[eq[1n |
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Table 4: Commencial Sector Average Energy Costs by Suane
Credit 1 i E No. 6 Fuel Oil

California $0.0e1 . $5.11 §2.70
Colorado $0.057 2 $4.70 nia
Connecticut S04 404 53.38
Delaware $0.069 8 .06 5282
District of Columbsa 50,071 5460 53186
Flarida 30.065 54.38 s271
Georgia 30,071 3 B4.27 s278
Hanwaii 50.126 B0 §203
Idaho 50.043 o $525 5231
Hlinois 50,078 2 $4.55 $2.78
Indiana 50062 2 $2.43
lowa 50066 55.18 $4.30 nia
Kansas S0.063 $5.38 3430 5251
Kentucky S0.052 $579 3434 nia
Louislana $0.066 $622 .07 na
Maine 50.110 §7.70 86,15 5275
Marytand 50,065 $6.52 5439 $2.74
Massachuselts 50082 §7.34 54.90 5286
Michiggan 50.080 $5.00 S4.48 5257
Minnesata 50,061 54.80 s4.39 §2.41
Mississippi S0.067 $5.28 .18 nia
Migsouri 50.058 588 2437 $2.38
Maontana 50.061 3483 3458 230
Mebraska 50.053 3488 $4.30 $2.38
MNevada 50.066 $508 $5.13 nia
Mew 50115 3763 $4.68 5255
Mew Jersey 50,089 3588 440 $292
Mew Mexion SO.0BD M0 1N nia
Mew Yark §0.115 3649 §5.06 §234
Marth Carclina 50.063 £7.00 a2y $281
Maorth Dakota 50.059 $4.35 $4.30 $238
Ohig 50076 8623 %430 5289
Okdahoma 50.053 8534 3428 237
Qregon 50.051 3463 34.54 274
Pannayvania $0.082 $7.35 3482 $2.80
Rfvode lstand 50099 pLl 3548 $3.00
South Carolina S0.063 56,74 $4.32 s272
South Daksta $0.065 84M 3426 $236
Tennessee 50.064 SE.11 34.34 240
Texas S0.067 54 3416 5248
Utah 50057 3.2 ja.ma $1.86
Vermant 50104 518 §5.22 3280
Virginia 50.057 3645 34.48 F2.68
Washingion $0.048 3473 34m 5275
‘Wiest Virginaa $0.056 36.34 443 na

i $0.058 $5.35 3450 32.38
Wyoming 50,053 33.03 5475 5229
U.5. Average 50.074 $5.79 54.69 3314

Bource: ABHRAENEEMA Standard 3011990 User's Manual
U5, Green Building Council == =
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schedule must be used in both the baseline
and proposed simulations.
Caleulating LEED energy performance
is straightforward, but requires several
steps to accomplish. Only energy regu-
lated by ASHRAE/ESNA Srandard
90.1-1999 is considered in determining
the percent energy savings. The “regu-
lated energy components” include the
commonly thought-of systems for hear-
ing, cooling, auxilizries (pumps, fans,
etc.}, warer hearing and interior lighting
as well as those irems listed “other sys-
tems.”

Non-regulated components are limited
but include plug loads, process energy (in-
cluding special filtering requirements for
clean rooms, erc.), garage ventilation, ex-
terior lighting, clevators and any other
miscellaneous energy uses in the build-
ing for which the standard does not con-
tain requirements. The exclusion of non-
regulated loads requires that the results
of most whole-building simulation re-
pores need additional processing in order
w determine the percent energy savings
for LEED.

The percent savings should be calculated
as in Equation 1, where ECB' 15 the en-

ergy cost budger for the regulated energy
components, and DEC’ is the design en-

Equation 1: Enery Savings Calculation
ECB’ - DEC”

% ECB

= 100x

Equation 2: Energy Cost Budges Caleulation

ergy cost for the regulated components.
Dietermining ECB" and DEC’ requires a
small amount of manipulation. First, the
whole-building simulation is used ro pro-
duce economic reports thar show the 1o-
tal cost for clectricity, gas and possibly
other energy sources such as steam and
chilled water. These reports provide ECB
and DEC (no primes).

The next simulation report to be exam-
ined splits energy use by the regulated and
non-regulared energy uses, In DOEZ, for
example, this report is called the build-
ing energy performance summary or
BEPU report. Daca from this repore
would be used to determine ECB' and
DEC as described by Equation 2, This
is the approach specified by Standard
90.1-1999 so that process energy, plug
loads, elevators and all other non-regu-
lared energy components are identical for
both the ECB and the DEC.

The following example shows how the ECB
method works for a 100,000-square-foor
project. The design case uses a high perfor-
mance envelope, a VAV air system with
high-cfficiency, ground-coupled heac
pumps, and direct/indirect ambient light-
ing with task lamps. Using the ASHRAE
system map, the budger HVAC system type
is modeled as a warer source heat pump

_ . Regulated kWh  iwh Reguisted Thetms, . «Gas
ECB' = Baseline Towirwh  * Cost [$] + Baseline Total Therms Cost
Equation 3: Design Energy Cost Caloulation
" Regulated kWh  kiwh Regulated Therms
= = Pr et il
DEC’ = Proposed Towal k % cost [5]+Pr oposed Total The

Equation 4: Dsign Energy Cost with Renewable Contribution Calculation

DEC® =DEC'-REC’

s weEY MR EQ] 1D
Credit 1

[%] + Baseline

DOther
Energy 8l

* GD:; 1$] + Proposed E?t‘:‘gy [5]
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Credit 1

Table 5: Design Case Data

system type, constant volume fan conirol,
direct expansion cooling, and electric heat
pump and boiler hearing eype.
To desermine the Design Energy Cost, cre-
ate a design building energy simulation
model using DOEZ, TRANE Trace, Car-
rier E2011 or another hourly load and en-
ergy-modeling wel. The model paramerers
forall loads, including plug and process loads
and the expecred building eccupancy pro-
file and schedule, are adjusted o determine
cenrral system capacities and energy use by
system. Through parametric manipulation,
etficien-

Using 4 summary report of the modeled
building energy load per system (e.g, the
BEPU Report for HOE2}, separate regu-
lated loads from non-regulaced loads as
defined by ASHRAE. Non-regulated
loads are plug and direct process loads.
Regulated loads are HVAC, lighting and
service hot water loads.

Determine the design energy cost for in-
dividual fuels by then processing the regu-
lated loads’ fuel quantities and the unit
cost per fuel. The individual fuel DECs
are then totaled o establish the dx.sign

the designer increases comp
cies to exceed the referenced standard.

build: lated load energy cost. As
there is no onsite renewable energy in

Electric Energy Use
Energylype fivi] [10* Biu]
Lighting Electric 160,200 546,602 $11,200
Space Heating Matural gas 4,550 455,000 $3.223
Space Cooling Elactric 240,300 819,504 $16,800
Fana/Pumps. Electric 120,150 409,952 58400
Hol Water (1) Matural gas 1,750 175.000 $1.240
Hot Water (2) Matural gas 700 70,000 $496
Subtolal Regulated (DEC") 520,650 7.000 2476458 41,358
Nonregulated
Lighting Electric 80,100 273,301 $5,600
Space Heating Matural gas 4,000 400,000 $2,833
Space Cooling Electric 40,050 136,651 52,800
FansiPumps Electric 80,100 273,301 5,600
Hol Water Matural gas 1.000 100,000 $708
Subiolal Non-Regulated 200,250 5,000 1,183,253 $17 542
Total Building 720,900 12,000 3,659,711 558,900
Subtotal Regulated (DEC") 520,650 7,000 2 ATB,A58 541,358
Subtotal Renewable (REC) (65.641) (223.968) -54,589
DEC™ 2,252,480 $36,769

LS. Green Building Councll
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this example, this establishes the DEC”
for the design case. In cases where on-
site rencwable energy is generated, sub-
tract the equivalent cost from DEC as
shown in Equation 4. The simulaci

pacitics and energy use by system.

Minimum or prescriprive system compo-
nent efficiencies are entered to satisfy the
referenced standard and to meet EA Pre-

reports for the example are urilized to cre-
are Table 5.

The Energy Cost Budget is then calcu-
lated by modeling the baseline syseem that
the reference standard system map pre-
scribes into the simulation model.  In-
clude the exact same loads {including plug
and process loads) and an identical build-
ing occupancy profile and schedule o
accurarcly determine central system ca-

Table 6: Budget Case Dita

] 2. This simulation is perfe d
to establish the baseline minimum energy

performanee, or ECB.

Using a summary of the modeled build-
ing energy load per system (e.g., BEPU
Report for DOE2), separate regulared
loads from non-regulared loads as defined
by ASHRAE. Non-regulated loads are
plug and direct process loads, Regulared
loads are HVAC, lighting, and service hot
warer loads.

ss Wi me[eq| D
Credit 1

Energy Type Ene[:%;f é_:.:!e
Regulated
Lighting Electric 350,000 1,184,200 $35,000
Space Heating Natural gas 9,000 900,000 $5,850
Space Cooling Electric 250,000 B53,000 525,000
Fans/Pumps Electric 150,000 511,800 $15,000
Hot Water (1) Natural gas 4,500 450,000 §2,025
Hot Water (2) Natural gas 1,500 150,000 5075
Subtolal Regulated (ECB'} 750,000 15,000 4,059,000 $84,750
Nonregulated
Lighting Electric 80,100 - 273,301 £8,010
Space Heating Matural gas 4,000 400,000 $2,600
Space Coaling Electric 40,050 - 136,651 54,005
Fans/Pumps Electric 80,100 - 273.3M $8,010
Hat Water Matural gas 1,000 100,000 $650
Subtolal Non-Regulated 200,250 5,000 1,183,253 323,275
Total Building 950,250 20,000 5,242,253 $108,025
Subtotal Regulated (ECBY) 750,000 15,000 4,059,000 $84,750
ECB' 4,059,000 584,750

LEED-MNC Version 2.1 Reference Guide
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55 IWEHMRIEQ| 0|  The ECB for individual fucls is then de-  Resources

termined by processing the regulared

loads' fuel quantitics and the unitcostper  Web Sites

fuel. The individual fucl ECBs are then  pgg2

added together to establish the ECB' for

the baseline case. The results are shown ).

in Table 6. Acomprehensive energy analy

Finally, compare the two simulation re- ased to prediet hourly pcrform:mz af a
sules using Equation 2. In the example, building’s energy use and urility costs.
the resules are summarized in Table 7,  ENERGY STAR®

which is the formar required for LEED www.energystar.gov, (§88) 782-7937
documentation submital. If an existing

building renovation |nclud.esa new build- Ll .S.Tu En Wﬂnmmdinduﬂw
i i will be I by the U.S. Envi-

lng pmnr M—
tonmental Protection Agency and the
prorated (based on percentage of new ver- U.S. Department of Energy. The

sus existing square footage) during the % b
LEED certificati e program’s Web site offers energy manage-
certil LION MEVIEW., A ANAEEIEAYE] » . I I !, g §Dﬁ

tools for buildings, product proc

Table 7: LEED Energy Cost Budpet Compliance Table

Proposed Building Budget Building Proposed!

i It 1 3
Lighiting - Conditioned Electricity 401,942 183,981 1,074,780 346,703 46%
Lighting - Unconditionad Electricity 54,660 5466 119420 125m 46%
Space Heating Gas 455,000 1,365,000 900,000 4,320,000 51%
Space Coling Eleciricity B19.904 27330 B53.000 304,843 96%
Pumgs Elgelricity 40,995 7884 51,180 10,238 80%
Fans - Interior Ventilation Eleclricity 360,758 545,364 450,384 150,128 0%
Fans - Interior Exhaust Eleciricity B199 8,108 10,236 10,238 B0%
Service Water Heating Gas 245,000 81,667 600,000 214,288 1%

Energy & Cost C’ ECB' Use
Summary by Fus| i)
Eleciricity 1776458 $36.400 2,550,000 575,000 &% 40%
Natural Gas 700,600 4,958 1.500,000 58,750 4T% 51%
Dther Fossil Fuel - 50 - 50 = -
Sublotal Non-Renewable (DEC) 2ATEAGE 541,358 4,089,000 584,750
Subtotal Renewable (REC) (223,968) -§4,580 = 50 -
Tokal 2,252 480 538,760 4,059,000 $84,750

Percent Savings = 100 x (ECBE' § -DEC" $)/ECB' § = 56.6%

Credit 1 Points Awarded = 9

LS. Green Building Council
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guidelines and lists of Exgncy Stag-la-
beled products and buildings.

National Renewable Energy Program
(NREL) Energy-10
www.nrel.gov/buildingsfenergy 10, (303)
275-3000

ENERGY-I0 is an award-winning sofi-
ware tool for designing low-energy build-
ings. ENERGY- 10 integrazes daylighting,
passive salar heating, and low-energy cool-
ing strategies with energy-efficient shell
design and mechanical equipment. The
program is applicable to commercial and
residential buildings of 10,000 square feer
or less, Note, however, that while useful
for design, Energy-10 does not saristy the
requirements of Section 11 of ASHRAE/
TESNA 90.1-1999, and can not be used
for compliance with EA Credi 1.

U.S. Department of Energy’s Building
Energy Codes Program
www.eneTgycodes.gov

The Building Energy Codes program pro-
vides comprehensive resources for stares
and code users, including code compari-
sons, compliance software, news and the
Status of State Fnergy Codes darabase. The
darabase includes stare energy contaces,
code status, code history, DOE grants
awarded and construction dara.

U.S. Department of Energy Office of
Energy Efficiency and Renewable En-
ergy
www.eren.doe.gov/EE/buildings.heml,
(800} DOE-EREC.

This extensive Web site for energy effi-
ciency is linked to a number of DOE-
funded sites thae address buildings and
energy. OF particular interest is the tools
direcrory thar includes the Commercial
Buildings Energy C ption Tool for
estimaring end-use consumption in com-
mercizl buildings. The tool allows the
user to define a set of buildings by princi-
pal aceivity, size, vintage, region; climate
zone and fuels {(main heat, secondary hear,

cooling and warer heating), and to view
the resulting energy consumprion and
expenditure estimates in bular formar.

Print Media

ASHRAE Standard 90.1-1999 User’s
Manual, ASHRAE, 1999.

The new 90.1-1999 User’s Manual was
developed as a companion document o
the ASHRAE/TESNA Standard 90.1—
1999 (Energy Standard for Buildings Ex-
cept Low-Rise Residential Building
The User's Manual explains the new sean-
dard and includes sample calculations,
useful reference marerial, and informarion
on the intent and application of the stan-

dard,

The manual is abundantly illustrared and
contains numerous examples and tables
of reference data. The manual also in-
cludesa complete set of compliance: forms
and worksheets chat can be used w docu-
ment compliance with the standard, The
User's Manual is helpful to architects and
engineers who muse apply the standard
to the design of the buildings, plan ex-
aminers and field inspecrors who must
enforee the standard in areas where it is
adopted as code, and conrractors who
must construct buildings in compliance
with the standard. A compacr disc accom-
panies the User’s Manual and conrains the
EnvSed 4.0 Computer Program for per-
forming building envelope trade-offs plus
elecrronic versions of the compliance
forms found in the User's Manual.
IESNA Lighting Handbook (Ninth
Edition), [ESNA, 2000.

Mechanical and Electrical Systems for
Buildings, 4* Edition, by Benjamin
Srein and John 5. Reynolds, John Wiley
& Sons, 1992,

Sustainable Building Technical
Manual, Public Technology, Inc., 1996
(www.pti.org).

SS IWE
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Case Study
Donald Bren School of Environmental Science

and Management
Santa Barbara, California

The University of California at Sanca Barbaras Donald Bren
School of Envi ] Sei i Manag isa LEED™
Platinum Pilot Project and houses campus facilities including
research and teaching laboratories, and offices. To optimize en-
ergy petfe e, the building was designed to harvest natural
light and narural ventilation. High-efficiency building sysrems
that include pumps, chillers, boilers, a high-efficiency laboratory
ventilation system, and a chilled water loop were incorporated
into the building design. The building envelope was designed to
reduce high heat loads, Energy modeling of the building indi-
cates thar these measures result in energy savings of 23% when
compared with a Tide 24 baseline case.

Oy
Fartesh

Chnir
University of California at Sanla Barbara

Couttesy of Zimmes Gonsul Fasca

Gireen Building Council —
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Renewable Energy Credit 2.1
5%
1 point
Intent

Encourage and recognize increasing levels of on-site renewable energy selfsupply in
order to reduce environmental impacts associared with fossil fuel energy use.

Requirements

Supply at least 5% of the building's total energy use (as expressed as a fraction of

annual energy cost) through the use of op-site renewable energy syscems.

Submittals

O Provide the LEED Letrer Template, signed by the archirecr, owner or responsible
party, declaring char ar least 5% of the building's energy is provided by on-site
renewable energy. Include a narrative describing on-site renewable energy systems

installed in the building and caleulations demonstraring thar ar least 5% of rotl
energy costs are supplied by the renewable energy systemis).

s —  LEED-NCVersion 2.1 Reference Guide
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Credit 2.2 Renewable Energy
10%
1 point
in addition to
EA 2.1 Intent
Encourage and n:cugm?.c |r||:rcas|ng levels ufw|f-supp1) through renewable rechnolo-
gies to reduce | impacts iated wich fossil fucl energy use,
Requirements

Supply at least 10% of the building’s total energy use (as expressed as a fraction of
annual encrgy cost) through the use of on-site renewable energy systems.

Submittals

3 Provide the LEED Letter Templare, signed by the architect, owner or responsible
party, declaring thar ar least 10% of the building’s energy is provided by on-site
renewable energy. Include a narrative describing on-site renewable energy systems
installed-in the building and calculations demonstrating thar at least 10% of ol

energy coses are supplied by the ble energy (s).

LS. Green Building Council =
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Renewable Energy
20%

Intent

Encourage and recognize increasing levels of self-supply through renewable technolo-
gies to reduce environmental impacts associated with fossil fuel energy use.
Requirements

Supply ar lease 209 of the building's toral energy use {as expressed as a fraction of
annual energy cost) through the use of an-site renewable energy systems.

Submittals

I Provide the LEED Lewer Template, signed by the architect, owner or responsible
party, declaring that ar least 20% of the building’s energy is provided by on-sire
renewable energy. Inciudx: 4 narrative dualhmg on-site renewable energy systems

lled in the building and caleulation ing thar at least 20% of total
energy costs are supphod by the renewable energy syn:m(.\}

d standard

y of Refi ed d
ASHRAE/TESNA 90.1 — 1999: Encrgy Standard For Buildings Except Low-Risc
Residential
American Sociery of Heating, Refrigerating and Air-Conditioning Enginesrs
www.ashrae.org, (800) 527-4723
On-site renewable or site-recovered energy that might be used to capture EA Credic 2
is handled as a special case in the modeling process, If either renewable or recoversd

energy is produced ar the site, the ECB Method considers it free energy and it is not
included in the Design Energy Cost. See the Caleulation section for decails.

ss [weEYmr[eQ[iD]
Credit 2.3

1 point
in addition to
EA 2.1 and 2.2

LEED-NC Version 2.1 Reference Guide
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Credit 2

Credit Synergies

55 Credit 1

Site Selection

55 Credit 5
Reduced Sie
Disturhance

EA Prerequisite 1
Fundamental Building
Systems Commissioning
EA Credil 1
Optimize Energy
Performance

EA Prerequisite 2
Minimum Energy
Performance

EA Credit 3
Additsonal
Commisshoning
EA Credit 5
Measurement &
Verification

EC) Credit 8
Daylight & Views

U5, Green Building Council
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Green Building Concerns

Renewable energy can be generated on a
building site by using technologies thar
convert energy from the sun, wind and
biomass into usable energy. On-sire re-
newable encrgy is superior to conven-
tional energy sources such as coal, nuclear,
oil, narural gas and hydropower genera-
tion, because of its negligible transporta-
tion costs and impaces. In addition to
preventing environmental degradation,
on-site use of renewable power can im-
prove power reliability and reduce reliance
on the local power distriburion grid. In
the 1990s, renewable energy applications
were the fastest growing new sources of
energry. Opportunities for renewable en-
ergy vary by location and climate.

In 2000, the photovaltaic (PV) panel
market’s annual growth rate was 20%. PV
module production for terrestrial use has
increased 500-fold in the past 20 years,
Worldwide PV module shipments in
2002 exceeded 400 megawars (MW,
The United States now owns mare than
one-third of the global PV marker,

The United States is one of the wop five
wind power markes in the world, accord-
ing to the American Wind Energy Asso-
clation. The construction of large wind
farms in many states to satisfy regional
electricity requirements and the installa-
tion of micro-turbines for specific appli-
cations continue fo increase the ULS.
market share of wind power. The U5,
wind energy industry currendy has a
4,685 MW capacity and generates about
10 billion kilowart-hours of electricity
annually, equivalent to the annual elec-
rricity needs for one million average
American homes, but less than 1% of U5,
clectricity generation.

The market for small wind systems (< 100
kW) had an estimated growth of 35% in
1999, These small wind systems power
homes and small businesses such as farms
and ranches. The United Stares is also a

leading producer of small wind systems.
Four primary companies sell produces
both nationally and internationally.
Biomass power is derived from organic
matter such as waste wood and grasses,
The U.S. Department of Energy (DOE)
estimates that biomass power is the larg-
est source of non-hydroelectric renewable
energy in the world, with an estimared
14,000 MW of annual worldwide in-
stalled generation capacity. With more
than 7,000 MW of installed capaciry, the
United States is the largest single “bio-
power” generator, representing a $15 bil-
lion investment and 66,000 jobs. The 37
billion k'Wh of electricity produced each
year from biomass is more than the en-
tire stare of Colorado uses annually. Gen-
erating this amount of electricity requires
around 60 million tons of biomass per
year. The Elecrric Power Rescarch Insa-
rure (EPRI) has estimated thar biomass
combustion facilities could sarisfy 5% of
the total U.S. power market for electric-
ity while increasing overall farm income
by 812 hillion annually.

Conuinued need for on-site indusrrial
power, waste reduction, more stringent
environmental regulations, and rising
e d 1 for ble energy
will provide the main impetus for the
indusery’s growth.

Environmental Issues

Use of renewable energy reduces environ-
mental impacts associated with utility
encrgy production and use. These im-
pacts include natural resource destruction,
air pollution and water pollution. Utili-
zarion of bi can divert an esti 4
350 million rons of woody construction,
demolition, and land-clearing waste from
landfills each year. Conversely, air pollu-
tion will oecur doe o incomplete com-
bustion if these wastes are not processed
properly.




Economic Issues

Use of on-site renewable energy technolo-
gies can result in energy cost savings, par-
ticularly if peak hour demand charges are
high. Utility rebates are ofien available
o reduce first costs of ble energy

Community Issues

encrgy has ad ic impace
on outdoor environmental quality, Re-
ductions in air and water pollution are
bcm:ﬁc-:] w all community members.

equipment, In some states, first costs can
be offset by ner metering, where excess
electricity is sold back o the uriliry.

The combined efforts of industry and the
DOE reduced PV syseem costs by more
than 75% from 1982 1o 2000. The cost
of PV systems with capaciries greater than
1 kW is measured in “levelized” coses per
KWh. Inother words, the costs are spread
out over the system lifetime and divided
by k'Wh output. The levelized cost for
these systems is currendly estimared at
$0.25 to $0.50 per kWh. Systems thar
do not require storage batteries can have
significantly lower costs. PV systems are
usually cost-effective for customers lo-
cared farther than one-quarzer mile from
the nearest utility line. With Building-
Integrated Photovoleaics (BIPVs), the
costs should also include the marginal
savings on the replaced elements of the
building such as raofing or cladding. The
reliability and lifedime of PV syscems are
also improving, Manufacturers rypically
guarantee their PV systems for up to 20
years,

According to the American Wind Energy
Association, the levelized cost for com-
mercial wind energy generation is $0.04
to 30.06 per kKWh, or $0.033 1o $0.053
if ehe federal production tax eredit is fac-

tored in.

Table 1: Renewablis Sysiem Trends

Current Size

Range

kit

Wind Turbine up to 3,000
Salar Cell up b 1,000
Biomass up ta 5,000

ble energy has a positive impact
on rural communities. Economic devel-
opment in these communities can be en-
hanced by siting and operating wind
farms and biomass conversion facilicies.
Wind Powering America is an initiative
by the DOE to dramatically increase the
use of wind energy in the United Srares,
Rural wind generation is providing new
sources of income for American farmers,
Native Americans, and other rural land-
awners while meeting the growing de-
mand for clean sources of electricity.
However, care must be taken to minimize
undesitable noise from wind farms and
suboptimal combustion at biomass con-
version facilities.

Design Approach
Strategies
Design and specily the use of an-sive non-
lluting renewable logies to con-
e ioaht Bal energy requirements
of the project. Consider and employ
high-temperature solar, geothermal, wind,
biomass (other than unsustainably har-
vested wood) and bio-gas technologies.
See Table 1 for system trends. Note thar
passive solar, solar hot warer heating,
ground-source heat pumps and
daylighting do not qualify for poinrs un-
der this eredir because they do nor gener-

Current Mass Production
Cost Cost

|8k L]

5800 to 51000 2500
55,000 to 510,000 §1,000 to §3,000
32,000 1o $2,500 §1.000

‘Sourons: S of e Wand F000 (WG

55 |WE

MR[EQ[ID

Credit 2
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ate power. These strategies are recognized
under EA Credit 1.

Make use of net merering by contacting
local urilities or electric service providers
(ESPs). Net metering is a metering and
billing arrangement that allows on-siee
generators to send excess electricity flows
to the regional power grid.
wricity flows offser a portion of the elec-
wricity flows drawn from the gnd For

These elec-

o full system integration based on a busi-
ness serategy for commercialization,

Pt leaics (V) are comp marte-

rials thar convert sunlight directly into
electrical power. In the past, these mate-
rials were assembled into PV panels thar
required a structure to arient them o the
sun. In tecent years, the efficiency of the
cells has increased and the cost has
| .mamuhn ilding-1

more inf on net
dividual scares, visit the DOE's Green
Power  Nerwork Web
www.eere.energy.gov/greenpower/
netmerering,

g in in-

site  at

Technologies

Biomass is plant marerial such as tees,
grasses and crops, To generare elecrricity,
biomass is converted eo hear energy in a
boiler or gasifier, The heat is converted to
mechanical energy in a steam turbine, gas
turbine or an internal combustion engine,
and the mechanical device drives a gen-
erator that produces elecrricity. Currene
biomass rechnelogy produces heat in a
direct-fired configuration. Biomass gas-
ifiers are also under development and are
being introduced w the markeplace.

The most economical and sustainable bio-
masses are residue materials from regional
industrial processes, Example materials
include organic by-products of food, fi-
ber and forest production such as sawdust,
rice husks and bark. In urban areas, pal-
lets and clean woody yard waste may be
available. There also may be a steady sup-
ply of wood fiber from local wasee collec-
tion of construction, demolition and
land-clearing (CDL) debris. The cost to
generate elecrricity from biomass varies
depending on the type of technology
used, the size of the pawer plant, and the
cost of the biomass fucl supply.

The DOE’s Small Modular Bioenergy
Initiative is developing small, efficient and
clean bio-power systems. Feasibility stud-
ies and protorype demonsteations will lead

Pl s (BIPVs) are now in pmduc-
tion. BIPVs are increasingly incorporared
into building elements such as the roof,
cladding or window systems.

PV generate direce current (DC) electric-
iy, which generally must be converred to
aleernating current (AC) before it can be
used in mainstream building syscems.
The conversion process requires elecrronic
devices berween the PV module and elec-
mically powered appliances. Boch dis-
persed and central converter schemes are
possible, The conversion process also af-
fords net metering, where power is put
back into the urility grid when the local
demand is less than the capacity of the
PV array. As shown in Table 2, PV sys-
tems are rapidly becoming cost-effective.
Spar elecrricity costs in the summer
months of 2000 exceeded the cost of PV
power by a factor of four at some loca-
tions in the United States.

Wind Energy systems convert wind into
elecericity. Wind energy installarions are
becoming increasingly popular as corpo-
rare power users and ueilities realize the
elecemcity supply, peak shaving, and net
metering benefits of clean, low-cost, reli-
able wind energy.

Recent innovations include a larger retor
diameter using advanced airfoils and trail-
ing-edge flaps for over-speed control. In
the future, more advanced wind turbines
incorporating the latest marerials and
mechanical technologies will be intro-
duced to the marketplace. One example
of advances in the wind turbine industry



Table 2: Photowaliaie Economic Trends

Photovoltaic Data 1991
Electricity Prica [¢/kWh] 40-75
Module Efficiency [%] 5-14
System Cost [$W] 10-20
System Lifefime [years] 5-10
U.S. Cumulative Sales [MW] 75

1995 2000 2010 - 2030
25-50 12-20 <6
7-17 10-20 15-25
7-15 3-7 1-1.50
10-20 =20 >30
175 400 - 600 10,000

Credit 2

‘Source: U 5. Department of Enengy Photovoliaics Frogram

is the develop of a vertical-axis wind
rurbine which relies on simplicity of de-
sign and advanced blade configuration 1o
create a potentially low-cost, efficient
power system,

Synergies and Trade-Offs

Renewable energy equipment typically
impacts the project site. Some project

sites are more compatible with

first page of this credit. The fraction of
energy cost supplied by the renewable
energy features is calculated against the
DEC determined in FA Credit 1. An
energy simulation of the base project is
required to caprure the Renewable Energy
Credic. The quantity of energy generated
on-site may be estimared ourside of the
simulation tool.

strategies than others, The magnitude of
the impacr of renewable energy genera-
tion equipment is usually small. Renew-
able energy equipment will impact energy
perfun:nanue ofthe bmlclmg and requires

g and & veri-
fication attention. Building-integrared
PV systems should be integrated with
daylighting straregies.

Geothermal energy is elecricity generared
from steam or hot water thar is released
from the Earth, and is caprured by siz-
able power plants rather than small on-
site systems, This is not w be confused
with geothermal hear exchange, which is
an energy-efficient heating and cooling
strategy, the benefits of which are appli-
cable to EA Credic 1 {Oprimize Energy
Perrormance] Electricity generated from

h | sources is applicable o EA
Crodn. 6 (Green Power).
Calculations
n]e foll u[fulﬂﬂm thodol,

supports the subrrurm]s as listed on (ht

The following ple illustrates how to
calculate the renewable energy credit
achievement levels. Performance of the
renewable source may be predicred using
a bin type calcalation. This requires the
applicant to account for the contribution
of variables associared with the renewable
source, For example, a BIPV design
would include the effects of sunny, cloudy
and overcast condirions, the orientation
and artitude of the array, and system
losses. Table 3 shows the calculation for

Table 3: Henewable Enerpy Calculation

BIPV system design

Mumber of stories. 5
Length of south lacade 525LF
Depth of awning 2LF
Gross area of awning 5,250 SF
Shading effects B5%
Met area of awning = 4,483 5F
PV capacity 5.5 wisF
Awning peak capacity 25 kW

Average daily cutput 4,03 KWh/100 SF
Average annual output 65,841 kWh

LEED-NC Version 2.1 Reference Guide
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Equation 1: Renewable Energy Calculation
REC’

R ble Eni =100 %x——
% Renewable Energy OOKDEC"'

LS. Green Building Cauneil
158

a BIPV array installed an the same build-
ing used in the example caloulations for
EA Credic 1.

Onee the amount of energy generated by
the renewable system is caleulared, an en-
ergy cost must be compured to establish the
LEED level of achievemenr. The dollar
value of the renewable energy must be de-
rived from the simulation results of the en-
ergy model by determining a “virwal” en-
ergy rate for the renewable system.

As in the Caleulations section of EA
Credir 1, there are three options to com-
pute the project energy costs, from which
the “virtal” rave is derived. First, the
LEED Energy Modeling Protocol (EMP)
allows the use of a rate schedule available
for the project location from local uility
companics. The sccond option is 1o com-
pute the energy cost using a proposed en-
ergy rate schedule, preferably approved
by the local ASHRAE/IESNA 90.1-1999
adopting authority.
these approved rates, a third aption is to
follow the rares as shown in Table 4. This
table is based on Table 11-K from
ASHRAE/IESNA 920.1-1999 User's
Manual, and the data published periadi-
cally in the document DOE/EIA-0380
(2000/03).

The value of the on-site production of en-
ergy is a simplified caleularion. To assign a
dollar value 1o the on-site energy, derermine
the “virtual” energy rate by dividing the to-
tal energy cost (regulared and unregulared)
by the total energy use. Mulaply the pre-
dicred on-site energy produced by the “vir-
wwial rate” for the value of this type of en-
ergy. Table 5 shows the calulation for the
renewable energy “virtual” rate of electric-
ity and gas used by the smple building
deseribed in Credic 1.

In the absence of

When calculating the total energy cost us-
ing the LEEDY EMP, the contribution of
any on-site renewable or recovered energy
is accounted for by deducting the “vir-
wal” utility costs.  In other words, the
Renewable Energy Cost (REC') is de-
ducred from the DEC’, as the ECB
method is based on energy that crosses
the property line. This net regulated en-
ergy cost is designated as the DEC” in
the caleulation method. The DEC” is
used as the denominator of the achieve-
ment calculation, which in mrm increases
the percent improvement over the refer-
ence standard (see Equation 1),

In the example, the project described in
EA Credit | is modified w include BIT'Vs
as part of the design. The energy-modcl-
ing simulation is not changed for this
credit. A bin analysis is used o predict
thar 65,000 kWh are generared and fed
into the grid through ner merering. To
calculate the value of this energy, a vir-
tual rate is established from the existing
simulation and then used o determine
the dollar value used in the LEED sav-
ings calculation. Table 6 shows how o
incorporate the renewable energy cost into

the caleularions.

The example also shows how the renew-
able energy can change the overall encrgy
savings calaulation used to derermine the
points achieved in Credit 1 (Optimize
Energy Performance). Compare Table 7
with Table 6 of Credit 1. Nore that the
Energy Cost Budget (ECB) is the same
in both examples. There are no default
values for renewable energy, so there is no
change to the ECB.

The total percent reduction in energy use
changes, however. This is because Credit
1 is based on grid energy that crosses the



Table 4: Commescial Sector Average Energy Costs by State

Natural G

Alabama
Alagka
Arizona
Arkansas
Calfomia

No. & Fuel Oil

Colorade
Connechicul
Delaware

District of Calumbxa
Florida

Geargia
Hawaii
Idaho
Winois
Indiane___

fowa
Kansas
Kentucky
Louisiana
Maine

Maryland
Massachusetls

Credit 2

North Caralina 0,063 §7.00
North Dakota 30 058 8435

s4.z2r
§4.30

28
§2.38

Ohio 50076 $6.23
Oklahoma 50.053 H5.0
Oregon $0.061 5463
Pennyhania $0.082 §7.35
Rhoda Island 0,009 $8.21

$4.30
428
5454
s482
65,49

$2.69
$2.37
Jam
3280
S3.00

Soulh Carolna $0 063 56,74
South Dakola S0065 un
Tunnessee 50,064 $6.11
Toxas S0.067 40
Utah S0.057 $3.02

$4.32
$4.26
.34
.16
.9

272
5236
5240
5246
§1.86

Wermaont 50104 $5.18
Virginia S0.057 $6.45
Washinglon 50,048 $4.73
West Virginia $0.056 5634
‘Wisconsin 50.059 $5.35

$522
Fa48
Lo R
$443
34.59

$2.90
s268
8275

nia
5238

Wyoming S0.053 §3.93

$4.75
$4.69

§229
§3.14

U.S. Average 50.074 $5.79
Source: T

LEED-MC Version 2.1 Reference Guide

159



ss [weg§mr[eQ[
Credit 2

Table 5: Renewable Energy Rate Calculation

Utility Rato Resource Energy Use Energy Cost
E -18 -Office Electricity 540,675 kWh 5 37,500
E-19-Ril Electricity 180,225 kiWh $§ 12600
720,900 kWh $ 50,400
Virtual Electricity Rate 5 0.07 fkWh
G = NR1- Office Natural Gas 12,000 CCF $ 8,500
G-NR1- Rl Matural Gas - $ -
12,000 CCF $ 8,500
Virtual Natural Gas Rate $0.71 ICCF

Table &: Froposed Case Post Processed Data

Energy Type

Lighting Electric 160,200 546,602 $11,200
Space Heating Matural gas 4,550 455,000 $3.223
Space Cooling Electric 240,300 819,904 $16,800
Fans/Pumps Electric 120,150 409,952 58,400
Hot Water (1} Matural gas 1,750 175,000 $1.240
Hot Water (2) Matural gas 700 70,000 $496
Subtotal Regulated (DEC") 520,650 7.000 2476458 541,358
Neonregulated! Process
Lighting Electric 80,100 273,30 55,600
Space Heating Natural gas 4,000 400,000 52,833
Space Cooling Electric 40,050 136.651 $2.800
FansiPumps Electric 80,100 27331 55.600
Hol Water Natural gas 1,000 100,000 sroe
Subtotal Non-Regulated 200,250 5,000 1,183,253 §17.542
Total Building 720,900 12,000 3,659,711 $58,900
Subtotal Regulated (DECT) 520,650 7.000 2476458 41,368
Subtotal Renewable (REC') (65,641} (223 968) -54,589
DEC” 2252489 536,769

U.5. Green Building Council
160



property line. When part of the building
energy load is handled from an on-site
generation source, itis deducred from the
numerator in the caleulation. The final
LEED point tallies are shown in Table 7.

Table 7: LEED Energy Cost Budget Compliance Tahle

Energy Type

Regulated Energy

Summary by End Use

Lighting - Conditioned Eleciricity
Lighting - Uncondiioned Eleciricity
Space Heating Gas
Space Cooling Electricity
Purnps Electricity
Fans - Interior Ventilation Electricity
Fans - Interior Exhaust Electricity
Service Water Heating Gas

Energy & Cost

Summary by Foel

Resources

Web Sites

American Bioenergy
www.biomass.org, (202) 467-6540

An industry trade association dedicared
w developing the entire breadth of the

bioenergy indusery from power to fuels
to bio-based chemicals,

Proposed Building

Paak =0

[10° Biuj [107 Bty

451,942 163,981 1,074,780
54,660 5466 119,420
455,000 1,365,000 900,000
819,904 273,301 853,000
40,955 7.884 51,180
360,756 649,364 450,384
8,199 8,199 10,236
245,000 81,667 BO0,000
ECE’ Use ECB" Cost

55 ]WENMR EQ|ID

Credit 2

Budget Building

Peak

[10° 8]

DEC™ 'ECB'

Proposed!
Budget
Energy

%]
A6%
46%
51%
96%
B0%
80%
BO%
41%

Electncity 1,776,458 2,558,000
Natural Gas To0,000 $4,958 1,500,000 1%
Ciher Fossd Fuel - 30 = 50 -
Subtolal Non-Renawable (DEC) 2476458 $41.358 4,059,000 584,750
Sublotal Renewahle (RECT) 223,988) 34,580 - 50 -
Tolal 2,252,489 §36.769 4,058,000 584,750
Percent Savings = 100 x (ECB' $ -DEC" $)/ECB'§ = 56.6%
Credit 1 Points Awarded = 9
Percent Renewable = 100 x (REC' $)/DEC’ $ = 11.4%
Credit 2 Points Awarded = 2

————— LEED-NCVersion 2.1 Reference Guide
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American Wind Energy Association

(AWEA)
www.aweorg, (202) 383-2500

U.S. Dep of Energy’s National
Center for Photovaltaics (NCPV)

www.nrel govincpy, (800) DOE-EREC

A national trade assocharion rep I
wind-power plant developers, wind tar-
bine f; urilities, I
insurers, financiers, researchers and oth-
ers involved in the wind indusery.

Database of State Incentives for Renew-
able Energy (DSIRE)

wowwdes.nesu.edu/solar/dsivefdsire.cfm

This database was developed by the Nonth
Carolina Solar Center wo track available
informarion on stare financial and regu-
latory incentives {¢.g., tax credits, grants,
and special utility rates) that are designed
to promote the application of rencwable
energy technologies. DSIRE also offers
additional features such as preparing and
printing repores that detail the incentives
on a state-by-state basis.

Green Power Network
WWW.CEre. energy. govi greenpower
Provides news and information on green
power markets, utility pricing programs
for net metering, and more, The Web
site is mainrained by the Narional Renew-
able Energy Laboratory for the U.S, De-
partment of Energy

U.S. Department of Energy’s BioPower
Program
www.ecre.energy.gov/biopower, (800)
DOE-EREC

Includes information on the current state
of the biomass industry. OFf particular in-
terest is the page describing the Small
Modular BioPower Initiative. The initia-
tive is aimed at determining the feasibil-
ity of developing systems that are fuel-flex-
ible, efficient, simple to operate, and
whaose

will have

P
negative impacts on the environment.

The intended power range for these sys-
tems is from 3 kilowarts to 5 megawarts.

Provides clearing} information on all
aspects of PV systems.

ULS. Department of Energy’s Office of
Energy Efficiency and Renewable En-

ergy (EERE)

www.eere.energy.gov, (800) DOE-EREC
The EERE mission is to strengthen
America's energy security, environmental
quality and economic virality through
public-privace partnerships that enhance
energy efficiency and productivity; bring
clean, reliable and affordable energy rech-
nologies o the markerplace; and provide
relevant information and tools for busi-
nesses and individuals

ULS. Department of Energy’s Photovol-
taics Program
www.eere.energy.govipy, (800) DOE-
EREC

A DOE Web site with the mission of
making photovoltaics (PV} a significant
part of the domestic economy as an in-
dustry as well as an energy resource.
U.S. Department of Energy’s Wind En-
ergy Program
wwwi.eereenergy.goviwind

A DOE Web site with the mission of
making photovolaics (PV} a sigmficant
part of the domestic economy as an in-
dustry as well as an energy resource,
Print Media

Wind and Solar Power Systems, Mulaind
Parel. CRC Press, 1999,

Wind Energy Comes of Age, Paul Gipe,
John Wiley & Sons, 1995,



Case Study

Phillip Merrill Envi | Center Headquarters
Annapolis, Maryland

The Phillip Environmental Center is a LEED Version 1.0 Plari-
num Pilor Project that houses the Chesapeake Bay Foundarion's
headquarters. The project is located on 31 acres of diverse habi-
tar on the Chesapeake Bay and functions as an office building
and an education and waining facility. To harvest site energy
thin-film ph Irai hades and erystalline pho-
tovoltic skylights generate electricity and are integrated into the
d.i)llg'ltlng straregy- rh: elccmc:ry is used to power lighting and
office equif pplying an esti d 1% of the building's
total power requirements. In addicion, a selar domesric
watMerriller heating system is used to hear all hot water used in
the building, The building was also eng 1 to take ad
of many passive solar ami energy saving strategies to reduce ch:
toreal encrgy used.

ss weEmr[eq[ip
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ey i U S Goewn Huilding o

Chwner

Chesapeake Bay Foundation
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Additional Commissioning Credit 3
Intent 1 point

Verify and ensure that the entire building is designed, constructed and calibrated o
operate as intended.

Requirements

In addirion ro the Fund | Building C. issioning prercquisite, impl or

have a contract in place ro implement the following additional o issioning rasks:
I A issioning authority independent of the design team shall conduct a

review of the design prior to the consrruction documents phase.

2. An independent commissioning authority shall conduer a review of the con-
struction documents near completion of the construction document develop-
ment and prior to issuing the contmact documents for construction.

3. Anindependent commissioning authority shall review the concracror submit-
aals relacive to systems being commissioned.

4. Provide the owner with a single manual that contains the information re-
quired for re-commissioning building systems.

5. Have a contract in place to review building Dp:nmurl with Q&M seaff, in-

cluding a plan for resolution of di ing-refared issues within
one year after construction completion :l.l(e
Submittals
O Provide the LEED I..cnch:mpJar: signed by the owner or mdcpend:m commis-
sioning agent(s) as approp confirming that the required additional commis-
sioning tasks have been successfully cm:uxcd or will be provided under existing
contract(s).

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

LEED-MNC Version 2.1 Reference Guide
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Credit 3

Credit Synergies |

55 Credit 4
Alternative
Transpesriation
55 Credit &
Light Pollution |
Reduction

WE Credit 1 |
Water Efficient
Landscaping |
WE Credit 2

Innovation Wastewates
Treatment

WE Credit 3

Water Use Reduction
EA Prevequisite 1
Fun(lmn\umal Building
Systerns Commissinning
EA Prerequisile 2
Minimum Energy
Performance

EA Credit 1

Oiptimize Energy
Perfarmance

EA Credit 2

Renewalile Energy

EA Credit 5
Measurement &
Verification

EQ Prevequisite 1
Minimum 1AGQ
Perlormance

EQ) Prerequisite 2
Environmental Tobacco
Smoke (ET5) Control

EQ Credit 1

Carbaan Dicoticke o)
Monitoeing

EQ Credil 2

Increase Ventilation
Effectiveness

EQ Credit 5

Indoor Chemical &
Pollutant Source Comrol
EQ Credit 6

Control lability of
Systoms

EQ Credit 7

Thermal Comios

EQ Credit &

Daylight & Views

LLS, Green Building Council
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Green Building Concerns
The LEED c

Design Approach

(EA Prerequisite 1) esubijshes (he criti-
cal activities for verifying achievement of
the owner’s project requirements. The
Addinonal Commissioning credir en-
hances integration activities and provides
the awner with greater value for limited
additional investment. This credit focuses
on reviewing the building design and con-
struction documents to idenrify potential

EA Prerequisite 1 establishes the frame-
work of an effective commissioning pro-
gram. This Additional Commissioning
Credit ensures peer review through inde-
pendent, third-party verification. Tasks
1 through 3 of the credit requirements
muse be execured by a firm that is noton
Lhc dcstgn team {an mdep:ndcm Com-
Authority). This req

problems and areas for imp

carly, providing long-term documentarion
for optimization, and implementing a
CONTNUOUS iMProvement program.

Environmental Issues

The additional commissioning activiries
serve to further increase the building's
energy efficiency, thus reducing the envi-
ronmental effects of energy production
and use. Environmental effects include
natural resource depletion, air pollution
and water pollution.

Economic lssues

Fees for the additional commissioning
activiries are rypically a small investment
for high returns. See EA Prerequisive 1

for more discussion.

Community lssues

The © g process provides a
consistent means for the owner’s procure-
ment of high-quality buildings that op-

erate in accordance with the owner's

project requirements, including the oc-
cupants’ needs, Ultimately, the entire

nmmavn‘i’d conflicts Dqu:nsu and bias.
It is n:r_urnmx:m]r:d that the same inde-

i SR R
|[\"€l’ tasks 4 and 5, ahhough {elenos
quired.

The Commissioning Autharity is assigned
these addirional wsks:

1. Schematic Design Review. To receive
the maximum benefits of the commis-
sioning process, the independent Com-
missioning Authority must review the
design at the schemaric design phase. This
enables the Commissioning Authoricy to
verify that each commissioned feature or
system meets the owner’s requirements
relative to functionality, energy perfor-
mance, witer performance, maintainabil-
iy, sustainability, system cost, indoor en-
vironmental quality, and local environ-
mental impacts. Evidence of this design
review must be fully documented in a
WEILTEn Teport.

2. Construction Documents Review.
The independent Commissioning Au-
dmrlr_v must review the construction
1o ensure that commissioning

project team and ¢ ity benefi
when the building is operational the first
day of use through reducing occupant
complaints and allowing users and occu-
pants to enjoy a healthier and more pro-
ductive indoor enviranment that meets
their success erireria.

is adcqu.ucl) apcclr(.d and to verify that
each ioned system or bl
meets the owner's project requirements
relative to funcrionality, energy perfor-
mance, water performance, maintainabil-
iy, sustainability, system cost, indoor en-
vironmental quality and local environ-
mental impacrs, Fvidence of this con-
struction documents review must be fully
documented in a written report.




3. Focused Review of Submittals. The
(.Dmml;smmn.g Aulhunry Must review
the contractor’s

i ittals of

ciliy seafFand address the condirion of our-
mndmg issues relared 1o thcﬂwmrs project

55 |WE
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Credit 3

LI

commissioned systems and o

Also, the C
ok

verify that the feature being provided will
meet the owner’s projece requirements,
particularly as it relates to environmen-
tally responsive charactenistics.
4. Systems Manual. 1n addition w the
snnd.mi oommlsalonmg report, 4 Com-
ioni ity must develop an
indexed avsn.ms manual w be delivered
1o the owner with the commissioning re-
pore. Table 1 lises components of the
manual that must be organized into one
compilation, although some pares may
also be in the standard O8M manuals
provided by the general contracror. The
systems manual is preferably delivered as
both electronic and hardeopy documents.
5. Mear-Warranty End or Post-Occupancy
Review. The Commissioning Authority
must be under contrace to resurn to the site
10 months into the 12-manth wareanty pe-
nod. The Commissioning Authority must
review current building operation with fa-

Table 1: Kee g, Management Manual £

i iry must interview faciliny stafl w
identify problems or concerns they have in
operating the building as eriginally in-
tended. The Commissioning Authority
must provide suggestions for improvements
and recard these changes in the systems
manual. The Commissioning Authority
should idenufy problems that are covered
under warranty or under the onginal con-
stroction contract. Finally, the Commis-
sioning Authority must assist faciliey staff’
in developing reports, documents and re-
quests for services to remedy outstanding
problems.

Technologies

Commissioning is a process, not a tech-
nology that can be purchased. Use pro-
fessional contacts and refeerals w find lo-
cal experts who understnd the govern-
ing energy codes and the equipment tha
local contractors are likely 1o fur and
install. Several professional training and

accreditation programs have been devel-

Components of the Systems Manual

Final varsion of the owner's project requirements and basis of design

As-buill uf 1 Tor all

and i 1 lime-of-tay

iLas p desd by the design professionals

point [istings mlh rangas and initial setpoints

and schedul and detailed

Ongoing operaling instructions for all energy- and water-saving features and sirateqgies
Functional performance tests results (banchmarks), blank test forms, and recommendad

schedule for ongoing benchmarking
Seasonal operalional guidelines
for ion fr

v of sensors and actuators by type and use

Single ine diagrams of each commissioned system

Troubleshooting table for ongeing achievement of the owner's project requirements

of the owner's project requirements {operational

for
requirements) and basis of design (basis of operation)

LEED-MC Viersion 2.1 Reference Guide
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oped for the commissioning process.
While not required for LEED project cer-

tification, owners may benefit from en-

gaging a credentialed Commissioning
Authority.

Synergies and Trade-Offs

The commissioning process affects all sys-
tems and assemblies, both staric and dy-
namic. Site features on the project chat
require commissioning attention include
alternative fueling stanions and exterior
lighting fiures and systems. Water com-
missioning includes irrigation systems,

Case Study

Energy Resource Center
Downey, California

The Energy Resource Center isa LEED™ Certified Pilor Project
and serves as a scarc-of-the-art energy technology showcase and
educarional center. The ERC incorporares efficient lighting, cool-
ing and archirectural 1ech ics to exceed California’s Title 24
energy code by 38%. The project ceam institured a rigarous com-
missioning plan to ensure that the completed building operated
in accordance with the design intent. The Commissioning Au-

thority was charged with quality assurance and construction man-
agement of the mechanical system as well as funceional resting of
the mechanical system and lighring system. The commissioning
process identified 30 major issues that did not conform with the
design intent and would have adversely affected the comfort and
energy performance of the HVAC system. For example, major
reconfiguration of the second floar air distribution system was
required afer unacceprable losses in ducrwork were identified.
Finally, the building staff was trained to optimize energy-cffi-
cient operation over the lifetime of the building,

Green Building Council

plumbing fixtures and plumbing infra-
structure. Energy commissioning covers
HVAC sysrems, lighting and encrgy-gen-
eration equipment. Commissioning ac-
tivities that affect indoor environmental
quality include ventilation systems, moni-
toring equipment, occupant controls,
envelope integrity, material selection and
daylighting systems.

Resources

See EA Prerequisite 1 for Web and print

TESOUECES,

Counteny of Soutem Calibinia Cas Come
Chwrer |
Sourthern California Gas Company |
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Ozone Protection Credit 4
Intent 1 point
Reduce ozone depletion and support early compliance with the Montreal Protocol.

Requirements

Inseall base building level HVAC and refrigeration equiy and fire supy

systems thar do not contain HCFCs or Halans,

Submittals

O Provide the LEED Lerter Template, signed by the architeer or engineer, stating
that HVACSR systems as-built are free of HCFCs and Halons.

Summary of Referenced Standard
There is no standard referenced for this eredic.

- LEED-MC Version 2.1 Reference Guide
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Credit 4

Credit Synergies

EA Prerequisite 2
Minimem Enerpgy
Perfarmance

EA Prercoisite 3
CHC Reduction in
HVACER Equipment
EA Credin 1
Optimize Energy
Perlormance

MR Credit 1
Building Reuse

U5, Green Building Council
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Green Building Concerns

Hydrachlorofluorocarbons (HCFCs) are
one class of chemicals that can be substi-
ruted for CFCs in building systems. EA
Prerequisite 3 addresses phase-out of
CFCs through substitution of HCFCs
and other low oeone-depleting refriger-
ants. While HCFCs are more environ-
mentally friendly than CFCs, HCFCssill
have ozone depletion potential (ODF).
HCFCs commonly used in building re-
frigerant systems have QODPs r.mrlnp,
from 0.0 1o 0.1,
will be phased out in the United Seates
by 2030, HCFCs with the highest ODPs
will be phased out first, starging in 2003,

As a resule,

Economic Issues

The phase-out of CFCs over the past de-
cade has enabled the HVAC industry o
develop cost-effective alternatives. Many
owners are converting, to HCFCs as an
interim step.  HCFCs are scheduled o
be phased out by 2030. Therefore, many
owners may find it is cost-elfective wo fully
migrate to hydrofluorocarbon (HFC)-
based cquipment now, rather than wriliz-
ing HCFCs as an interim rechnology.
CFC- and HCFC-based equipment are
typically more energy-cflicient than cur-
rent HFC-based equipment. Manoulac-
rs are working diligently w close the
efficiency gap in HFC-hased systems.

t

Issues

Halons are vsed in fire suppression sys-
tems andd fire exringuishers, Halon pro-
duction has been banned in the United
Srates since 1994 duc o their high ODP
values.  Halons have parucularly high
ODPs because they contain bromine,
which is many times more effective ar
destroying ozone than chlorine. Halons
commonly used in buildings have ODPs
rangiog from 3 to 10, many times greater
than QD5 for CFCs and HCFCs.

While HC
dressed under this credir, their effects on
the environment are significanely differ-
ent. The environmental impacts of halons
are typically an order of magnitde or
greater than HOFCs, See Table 1 for

COMPAriSons,

and halons are both ad-

Environmental Issues

Similar to CFCs, elimination of HCFCy
and halons in building systems reduces
omne depletion.  Release of these sub-
stances 1o the atmosphere destroys straro-
spheric ozone molecules through a cana-
Iytic process. Reduction of sratospheric
ozone reduces the Earth’s namral shicld
for incoming uleraviolet radiation. CFCs,
HCFCs and halons also contribuge to glo-
bal climare change.

C ity
HCFC and halon use have a
pact. Continued release of HOFCs,
halons and other ozone-depleting sub-
stances has already started 1o cause in-
creased occurtences of certain human ill-
ness and mortality as well as widespread
damage o eoosystem vient of these
illnesses represcms liabilities for health
insurance companics.

obal im-

Design Approach

Strategies

Rescarch and specify all bulls]m;‘ systems
with e lepleting eq
Building systems to consider Jlll.ll]l]l.
HVAL, refrigeration, insulation, and fire
suppression systems.  Commaon substi-
tutes for HCFCs in HVAC and refrig-
cration systems are hydrofluorocarbons
(HFCs), While HFCs have substantially
lower ODDPs, they have higher global-
warming potentials (GWTPs). Thus, it is
important to study different porential
substitutes and choose the most appro-
priate substirute with the lowest environ-
mental impaces, See Table 1 for a list of
common refrigerants and their associated
environmental data,




To qualify for this credic, all building
equipment must be free of HCFCs and
halons before occupancy. For buildings
that use a central plant as the base build-
ing cooling system (such as university and
government buildings with centrally lo-
cated heating systems), all equipment in
the central planc must be HCFC- and
halon-free.

Consider the trade-offs among refriger-
anrs across a range of potential impacts
including worker safery, impacts on the

Table 1: Refrigerant Environmental Dara

Lifetime  ODP

Refrigerant

CFC-11 45 1 4,000
CFC-12 100 ] 8.500
CFC-13 840 1 170
CFC113 a5 1 5,000
CFC 114 300 1 9,300
CFC 115 1,700 1 8,500
Haion 1211 11 3 nia
Halen 1301 B5 10 5,600
Halon 2402 nia & nia
HCFC-22 12 006 1,700
HCFC-123 1 002 a3
HCFC-124 6 002 450
HCFC-141b 8§ on B30
HCFC-142b 18 007 2,000
HFC-32 58 ] 650
HFC-125 328 o 2800
HFC-134a 14.6 0 1300
HFC-143a 483 0 3800
HFC-152a 15 o 140
HFC-236fa 209 0 B.300
Sounce: EPA's Quoae Daglefon Wos St

ozone layer, energy efficiency and climate
change. These are addressed in the EPA's
Significant New Alrernatives Policy
(SMAP) Program, which has @ mandate
to idenrify alvernatives 1o ozone-depler-
ing substances and to publish lists of ac-
ceprable and unacceprable substitures.

Synergies and Trade-Offs

This eredic is intimarely tied wich EA Pre-
requisite 3 and also has impaces on en-
ergy performance on the building. 1fa
building is reused, equip ining
HCFCs and halons must be replaced.

Resources

Web Sites

U.S. Department of Energy Halon
Phase-Out Information

tis.ch.doe.gov/fire/guidance/
halon_phaseour.hml, (800) 473-4375

Provides interim criveria on the manage-
ment of the reduction and potenrial elimi-
nation of halon fire extinguishing systems
within the DOE.

Ozone-Depleting Substances

www.epa. goviozone/ods.hem|

Alisting of armospheric lifetimes, orone-
depleting patentials (ODPs), and global-
warming potentials (GWFs) for various
substances and CFC substitares under the
SNAP program (sec below).

U.5. Environmental Protection

Agency’s Ozone Depletion Web site
www.cpa.goviozone, (800) 296-1996

Pravides information abour the science of
ozone depletion, the regularory apy I

to prorecting the czone layer (including
phase-out schedules) and eon alternatives
to ozone-depleting substances.

ss [weE§mr[Eq[iD
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U.S. Environmental Protection
Agency’s Significant New Alternatives
Policy (SNAP)

www.epa.goviozone/snap, (800 296-1996

An EPA program to idenrify alternatives

1o ozone- -depleting substances, SNAP
ins up-to-date liscs of

tally friendly substitutes for refrigeration

and air-conditioning equipment, solvents,
1

fire suppression systems, ot
ings and other substances.

Print Media

Stratrpes for Managing Ozone-Deplet-

ing Refrigerants: Confronting the Future
by Katharine B. Miller et al., Bateelle
Press, 1995.

The HVAC/R Professional’s Field Guide
to Alternative Refrigerants by Richard
Jazwin, Bookmasters, 1995.

Definitions

Chlorofluerocarbons (CFCs) are hydro-
carbons that deplete the stratospheric
azone layer.

Halons are substances used in fire sup-
pression systems and fire extinguishers in
buildings, These substances deplete the
stratospheric ozone layer.
Hydrochlorofluerocarbons (HCFCs) are
refrigerants used in building equipment
that deplete the stratospheric ozone layer,
burt to a lesser extent than CFCs.
Hydrofluorocarbons (HFCs) are refrig-
erants that do not deplete the strato-
spheric ozone layer. However, some
HFCs have high global warming poren-
dal and, thus, are not envirenmentally
benign.



Measurement & Verification

Intent

Provide for the ongoing ac bility and optimization of building energy and water

consumption performance over nime.

Requirements

Install conti METering equip for the following end
o Lighting systems and controls

Constant and variable moror loads

Variable frequency drive (VED] operation

Chiller efficiency at variable loads (KW/won)

Cooling load

Air and water economizer and hear recovery cyeles

« & 8 0 8

Air distribucion static pressures and ventilation air volumes

Bailer efficiencies

o Building-related process energy systems and equipment
o Indoor warter risers and outdoor irrigation systenis

Dievelop a Measurement and Verili

ion plan thar incorparates the monitaring infor-
mation from the above end-uses and is consistent with Oprion B, C or D of the 2001

International Pesformance Me e Verification Protocol (IPMVP) Yolkeme I: Con-
cepts and Options for Determining Energy and Water Savings.
Submittals

- Provide the LEED Leerer Templare, signed by the licensed engineer or other
sponsible party, indicating that metering equipment has been installed for each
end-use and dedlaring the option o be followed wnder IPMVE version 2001,

 Provide a copy of the M&V plan following [PMVE 2001 version, including an
CXCCUIVE SUmmary.

T sonal Peck M and Verification Protocol Volume 1, 2001
Version

wWww.ipmyp.org

The [PMVT presents best practice techniques available for verifying savings produced
by energy- and water-efficiency projects. While the emphasis is on a methodology
geared toward performance contracting for retrofics, the protocol identilies the re-
quired steps for new building design in Section 6.0, Section 3.0 provides a general
approach, procedures and issues, while Section 4.0 provides guidance on rewofi projecrs.
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Credit 5

Credit Synergies

55 Credit 4
Alternative
Transpartation
55 Credit 8
Light Pollution
Reduction

WE Credit 1
Water Efficient
Landscaping
WE Credit 2

Innovation Wastewaler

| Teeatment

WE Credit 3

Water Use Reduction
EA Prerequisite 1
Fundamental Building
Systems Commissioning
EA Prerequisite 2
Minimum Energy
Perforimance

EA Credin 1

Optimize Energy
Performance

EA Credit 2
Renewalile Frergy
EA Credit 3
Ackliticnal
Crommissioning

| EQ Prerequisite 1

Minimum IACH
Performance

EQ Presequisite 2
Environmental Tobacce
Smoke (ETS) Control
EQ Credit 1

Carbun Diexicke (LE
Masnitoring

EQ) Credil 2

Increase Vientiladion
Effectiveness

EQ Credit 5

Inddoor Chemical &
Pollutant Source Contral
EQ Credit 6
Controllibility of
Systoms

EQ) Credit 7

Thermal Comfort

EC) Credit 8

Daylight & Views

U5, Green Building Council
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Green Building Concerns

The benefies of optimal building opera-
tion, especially in terms of energy and
water performance, are substantial, The
lifetime of many buildings is grearer than
50 years. Even minor energy and water
savings are significant when considered in
aggregate. These long-term benefies of-
ten go unrealized due o maintenance
personnel changes, aging of building
equipment, and changing urility rare
structures. Therefore, it is important to
institute measurement & verification
(M&V) procedures ro achieve and main-
win optimal performance over the life-
time of the building through continuous
monitoring, The goal of M&V activiries
is to provide building owners with the
tools and data necessary to identify sys-
tems that are not funcrioning as expected,
and to optimize building system perfor-

mance.

Environmental Issues

Measurement & verification of a
building's ongoing energy and water con-
sumption allows for optimizarion of re-
lated systems over the liferime of the
building, As a result, the cost and envi-
ronmental impacts associated with energy
and water use can be minimized.

Economic lssues

Building retrofits thar institure effective
M&V practices, such as Oprions B and
C oudined in the referenced standard,
experience energy savings that are on av-
erage 10% to 20% greater than buildings
retrofitted with licle or no M&V prac-
tices. It should be noted char M&V prac-
tices will predict performance improve-
ments achieved through Energy Conser-
vation Measures (ECMs) and commis-
sioning, and contribute 1o savings.

The added cost to institute a rigorous
M&V program for retrofitting buildings
with energy and water equipment is typi-
cally 1% 1o 5% of the total retrofit cost.

These additional first costs are generally
repaid within a few months of operation
due to energy and water utility savings as
well as reduced aperations and mainte-
nance costs. It is imporeant to remember
that the goal of this credit is o allow
building owners the ability to identify
problems and achieve improved system
performance.  Large amounts of money
can be spent on M&V systems that do
not accomplish this goal. Careful plan-
ning and implementation are always nec-
essary for a truly effeccive M&V system.

Communily lssues

The collateral benefits of energy and wa-
ter efficiency to the community are often
diffuse and difficult to quantify over time.
However, a healthy workforce and a
healthy ecosystem are both indicarors of
a long-term pattern of sustainable devel-
apment. Continuous measurement of
resource use ar individual projeces will
facilitate documentation and aggregation
af emissions reductions benefits and con-
tribute to providing benefits to the com-
munity over several generations, extend-
ing the resource base they enjoy and de-
pend upon.

Design Approach

The LEED Commissioning prerequisite
and credit provide quality assurance that
a project meets the design intent, ensur-
ing that it is functioning as intended ar
the beginning of occupancy. The LEED
Measurement & Verification ecredir pro-
vides an extension of this quality assur-
ance effore by ensuring thar the predicred
performance of the funcrioning building
is actually producing savings t the owner.
The referenced standard describes a meth-
odology to ensure thar the design team
consistently addresses the three basic as-
pects of cnergy and water conservation
performance:



1. Accurare cataloging of baseline condi-

fons.

project is dependent on project specifics
such as scope, level of owner ineerest in

ss weEmr[eq[ 1D

fimlet Credit 5
2. Verification of the complere installa- MécV, I““d coneractual relationships of
ton and proper operation of new equip- the design ream.
ment and systems specified in the con-  The firse technique, Option A, does not
tract documents. satisfy the requirements of the LEED
3. Confirmation of the quantity of en- h’l{&vm‘“‘: The remaining options (B,
ergy and water savings, as well as energy Cand D) sacisfy the LEED requirements
and water cost savings, that occur during when '_'“F'I‘mc"“_d ‘3“"‘_5‘“13’- Compli-
the period of analysis, ance with the credit requirements can be
y . ; d d through ing calcu-
“r'h": four hasic M&V options m,l"‘“ed larions, operational estimares, and urility
in Table 1. E‘?‘:h method P“"’"_l“ ? meter-billing analysis, or through more
reaer level olfngar than those PREVIOUS. rinrous staristical sampling, mercring and
The appropriate level for a particular monitoring, and compucer simulations.
Table 1: Moasuroment & Verification Options for New and Benovation Construction Projects
M&V LEED £ - %
Option  Compliant Option Description Savings Calculations Cost
A No Focuses on physical Engi ing lati Typically 1-5% of
of equipment changes to ensure using spot or short-term project construction
the i s ta ificati I cost, dep an
Key performance factors such as simulations, andlor number of
lighting wattage and chiller i data. paints.
efficiency are determined by spot
or short-term measurements and
operational factors.
B Yes Savings are determined Engineering j Typically 3-10% of
after project completion by using meterad data. project coanstruction
short-term or continuous cost, depandant on
measurements taken throughout number and type of
the term of the contract at the systems measured
device or system level. Both and the term of
performance and operations analysisimetering.
factors are monitored.
c Yes After project complation, ~Analysis of ullity  Typically 1-10% of
savings are defermined at meter (or submeter) data project construction
the “whale- bullding” or facility using technigues from cost, dependent on
lewel uzing current year and simple comparison to number and
histarical ulility meter (gas or multivariate {hourly or complexity of
electricity) or sub-meter data. monthy) regressi in
analysls. analysis.
o Yes Savings are determined Calibrated energy ~ Typically 3-10% of
through simulation of facility simulation and madeling; project construction
componants andfor the calibrated with hourly or cost, dependent on
whole facility. monthly utility bilking number and
data andior end-use complexity of
Systems

LEED-MC Version 2.1 Reference Guide
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Credit 5

All of the oprions in the referenced stan-
dard require the design ream 1o specify
i for installacion in the build-

U5, Green Building Council
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inlgsysmns o allow for comparison, man-
agement and optimization of actual ver-
sus estimated energy and warer perfor-
mance, The mechanical engineer in par-
ticular should mke advantage of the build-
ing autemarion systems o perform MaV
funcrions where applicable. Elements of
the M&V Plan that are required to com-
ply with the requirements of this credic
are listed in Table 2.

Retrofits
Use of Option B in retrofits is approy

to measure in-situ, baseline and post-instal-
lation periods. Periadic inspecrion of the
equipment is recommended. Energyfwa-
rer consumption is then caleulated by de-
veloping staristical models of the end use
capacity:
New buildings
MEV straregies for new buildings differ
fundamentally from recrofic projects because
performance baselines are hypothetical
rather than marerially existent. Therefore,
savings are not physically measurable or
verifiable. There are implications w the
MEV process related o the complexity of
and ies 10 be i {and

when the end use capacity, demand or
power level of the baseline can be measured
and the energylwater consumption of the

uipment or sul is o be d
post-installation over time. This option can
involve continuous measurement of energy/
water both before and afier the rerrofic for
the specific equipment, or it can be mea-
surements for a limited period of time nec-
cssary 1o determine the retrofic savings.
Portable monitoring equipment may be in-
stalled for a period of rime or continuously

verified. However, the basic steps in new
building M&V da not vary significandly in
concept from retrofir M8V,

Creating the M&V Plan

The steps to create a Measurement &
Verification Plan are as follows:

List all measures to be monitored and
verified. Creaze a summary of any whale-
building or system-specific energy or wa-
ter conservation measures that will be
implemented in the project. In most

Table 2: Memsurement & Verilication Plan Requirements

should be loyed.

1. IPMVP standard language and

oy

Siate which option and method from the document will be used.

© BN @ R e N

| e
= D

Indicate who will conduct the M&V.
State key assumptions aboul significant variables or unknowns.
Create an accurate baseline using techniques appropriate to the project.

. Describe the method of ensuring accurate enargy savings determination.

Define a post installation inspection plan.

. Specify criteria for equipment metering, calibration, measurement period.
. Define the level of accuracy to be achieved for all key components.

quality

. Describe the contents of reports to be prepared, along with a schedule.




cases, these will be presenced in other
LEED eredic documentarion and should
be referenced here.

Define the Baseline. Defining a new
building baseline is a two-part process.
First, develop and define a baseline case.

This baseline can  range from the stipula-
tion of specific baseli w©

level of precision for the process. Oprion
B is direcred ar end-use measures, and Op-
tion C add hole-building M&cV

ss [weE§mreQ D

Credit 5

hods. The relative bilicy of cach
approach is a function of:

e M&V objectives and requirements of
any related performance contracts.

specifying whole-building cDmp||arloc
with energy codes or standards.

Onee the baseline case has been estab-
lished, use compurer-aided analytical rools
to estimate the associated performance
baseline. It is sometimes appropriate to
“back-engineer” a baseline by deleting
specific ECMs or features from the en-
ergy-cfficient building. This approach can
be particularly useful for whole building
MEV by using Oprion C with computer
simulation methods. For retrofits, the
baseline is the existing systems in place
and this is a straightforward seep.

Besides defining the expected resource
usage quantity for the baseline case, in-
clude addirional assumptions relating o
energy and water unit coses, weather, uril-
ity distriburion, system schedule, occu-
pancy or other factors and their antici-
pared adjustment to the baseline,

Define the Green Building Design and
Projected Savings. The green approach
is refined chrough the building design
process and is the final outcome of the
process. Computer-aided tools are then
used o estimate performanee of the final
green design, which is subtracted from the
baseline performance to generate pro-
jected savings. Present the resource quan-
tiry and associated cost reductions to be

o MNumber of ECMs and the degree of

interaction with each other and with
other systems.

o Pracricality issues associated with
M&V of particular ECMs or whole-
building ECMs.

® Trends rowards holistic building de-
sign, which are guiding M&V re-
quirements towards Option C.

Prepare a Project-Specific M&V Plan.

Development of an effective and efficient

M&V plan for new buildings tends to be

mare invelved than retrofit projects since

performance strategies arc usually more
complex and the technical issues to ad-
dress are more challenging.

Technical analyses that are performed in
support of design decisions concerning
performance during the building design
process provide a srarting point in defin-
ing the M&V objectives and approach.
The key elements of energy analyses are
also usually key facrors in M&V. There-
fore, the energy analyses and projections
should be well documented and organized
with this in mind, M&V considerations
should influence certain design decisions
such as instrumentation and building sys-
tems organization. Identify any applicable
dara sources {e.g., urility bills, control sys-
tem points and trending periods, and

achicved on a hi ifi
basis. The estimarion process ahould also

include the identification and, if possible,
quantification of factors thar could affece
the perfarmance of both the baseline and
green design.

Define the General M&V Approach.

bl ing), the method of data
ml]mlon (including equipment calibra-
don req and other quality as-

surance practices), and the identity of
monitoring personnel,

Vit Toiscallation and Cocumissioning of
ECMs or Energy-Efficient Strategies.
Installation and proper of isverified

LEED requires Option B as a mini
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of the affected performance projections.

Determine Savings Under Actual Post-
Installation Conditions. Virally all per-
formance projections are predicated upon
certain assumprions regarding aperational
conditions (.., occupancy and weather).
This affects both the baseline and green
design esumations. Deviations from the
operational assumptions must be tracked
by an appropriate mechanism (e, site
survey or shore and/or long term meter-
ingl and rhe baseline and green projec-
tions modified accordingly to determine
acrual savings.

Describe any engineering calculac

s m EA mmm through site inspections as necessary com-  Synergies and Trade-Offs
Credit 5 bmed wnh review of reports such as com- 1 Kol sk
e dfluidfair estand bal- oy uqu:pmu\l that uses energy and water.
ance reports.  Any deviations should be g P oo G R
noted and addressed dhrough adj E i

iz stations, exterior light fixwures and
SyStems, (Tigalion systems, watet reuse sys-
tems and wastewater treatment facilities.
Inside the building, all plumbing fixoures
and elecrrical fixtures as well as HVAC sys-
rems are affecred. Measurement & verifi-
carion activiries are intimarely related o
commissioning activities and the two pro-
cesses should be coordinared.

Enercy Star™ Portfolio Manager is an-
other tool that can be used to track and
recognize ongoing performance of energy
systems. While the Exercy Stan racing
itsell does nor demonstrate compliance
with this credit, i it can be used as the basis
for a | and

andfor software tools thar will be used o
process the dara w demonstrate the sav-
ings achieved. This will include identifi-
cation of any stipulared variables or val-
ues to be used in the caleularions, as well
as baseline adjustment factors, regression
analysis {or other) tools to determine sig-
nificance and weighting of such factors.

Reevaluate at Appropriate Intervals.
Ongomg performance of ECMs crgrten

g strategies and the i
ings must be reevaluared and verified at
intervals and over a time frame appropri-
are o M&V and related performance
contmact requirements. This also allows
ongoing management and correction of
significant deviations from projected per-
formance.

d sav-

It is important to link contracror final pay-
ments to documented ME&V system per-
farmance, so require all documentation in
the final report. The contractor must also
provide an ongoing M8V system mainte-
nance and operating plan in the building

operations and maintenance manuals.

p
verification tool h}l portfolio building
owners, See the Extnoy Star Web sice at
www.energystar.gov for informartion.

Resources

Web Sites

Engrcy Stan

www.energystar.gov, (888) STAR-YES
EnerGy S1AR was introduced by the En-
vironmental Protection Agency in 1992
as a voluntary labeling program designed
o identify and promote energy-efficient
products and buildings, in order to re-
duce carbon dioxide emissions. EPA
parmered with the Department of En-
ergy in 1996 to promote the Exeray Stan
label, with each agency taking responsi-
bility for particular product caregories.
Exeriy Star has expanded to cover most
of the buildings sector.



International Performance Measure-
ment and Verification Protocol
www.ipmvp.org

The IPMVP presents internationally de-
veloped best practice techniques for veri-
fying results of energy efficiency, water ef-
ficiency and renewable energy projects in
commercial and industrial faciliries.
Measurement & Verification Docu-
ments

arcam.bl.govimy, (510) 486-5001

A list of M&V resources provided by
Lawrence Berkeley National Laboratory,
ranging from implementation guidelines
w0 hands-on checklists.

Case Study

Brengel Technology Center
milwaukee, Wisconsin

The Brengel Technology Center is a LEED™ Silver Pilor Project
thar showcases advanced building control technologies ro maxi-
nd indoor environmental qualiey. The
building is operated with an cnergy management system to re-
duce operating costs over the building lifeime. Electricity use is
monirored with smart metering that measures occupant and build-
ing system electricity use in real time with nine volmge merers,
Data is gathered and analyzed to identify energy

mize energy efficiency

Definition

Energy Conservation Measures (ECMs)
are installations of equipment or systems,
or modifications of equipment or systems,
for the purpose of reducing encrgy use
and/ar costs.

ilization im-

provements, to bargain for lower energy prices with the local uril-
iy, and to determine future load shaping measures, In addition,
two meters monitor steam use for heating, and two water meters
monitor occupants’ water use and water consumption of the cool-

ing towers.

58

Tty ot Zenmermen Do Cooufl

Owner
Johnson Controls, Inc.

Mr[EQ[1D
Credit 5
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Green Power

Intent

Encourage the development and use of grid-source, renewable energy technologies on
a ner zero pollution basis.

Requirements

Provide at least 50% of the building’s elecericity from renewable sources by engaging in
at least a two-year renewable encrpy contract, Renewable sources are as defined by the
Center for Resource Solurions (CRS) Green-c producrs certification requirements,

Submittals

'3 Provide the LEED Lerrer Tcmplar:. slgmd by the awner or other responsible party,
doc ing thar the suppli power is equal 1o 50% of the project’s

cnergy :unsump:mn and the sources meet the Green-¢ definirion of renewable
cnergy.

3 Provide a copy of the two-year eleceric utility purchase contract for power gener-
ared from renewable sources,

< Bai q i
ed

y o
Center for Resource Solutions’ Green-e Product Certification Requirements
www.green-e.org, (888} 634-7336

The Grten{ Program is a vclunmy cemﬁcn:mn and verification program for green

i d Thase praduc ing the Green—c logo are greener and cleaner
than the aw.'rage retail elecmnty product sold in that particular ncgmn To be eligible
for the Green-e logo, companies must meet certain threshold eriteria for cheir prod-
uets.. Criteria include qualified sources of renewable energy content such as solar elec-
tric, wind, geothermal, biomass and small or cerrified low-impact hydro facilitics; “new”
renewable energy content (to support new generation capacity); emissions eriteria for
the non-i mncwnbi: pomun of the energy product; absence of nuclear power; and other
criteria reg le portfolio standards and block products. Criteria are often
specific per state o region of the United States. Refer to the standard for more deails.

ss we[EYmr[eq[ 1D

Credit 6

1 point
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| Credit Synergies

55 Creafit 1
Site Sebection

Green Building Concerns

Energy production is a significant con-
tributar to air polludon in the United
Sates. Air pollutants released from en-
ergy production include sulfur diexide,
nitrogen oxide and carbon dioxide. These
pollutants are primary contributors 10
acid rain, smog and global warming, With
other associated pollutants, they have
widespread and adverse effects on human
health in general, especially on human
respiratory systems.  The Green-e Pro-
gram was established by the Cenrer for
Resource Solutions ro promete green clec-
wicity products and provide consumers
with a rigorons and nationally recognized
method toidentify green electricity prod-
ucts. These products reduce the air pol-
lution impaces of elecrricity generation by
relying on renewable energy sources such
as salar, warer, wind, biomass and peo-
thermal sources.

Environmental lssues

Gireen dlectricity products produce less air
pollution than conventional elecrricity
products, This reduces acid rin, smog, glo-
bal-warming potential, and human healch
probl liing, from ai i

In addition, the use of ccologieally respon-
sive energy sources avoids reliance on
nuelear power and large-scale hydropower.
Nuelear power continues w be controver-
sial clue wo security and environmental is-
sues related to waste reprocessing, tanspor-
ration and storage.  Detegulared energy
markets have enabled hydroelecrric genera-
o activities o market their electricity in
regions unaffecred by the regional impacts
that dams can have on endangered aquatic
species. While green electricity is not en-
tirely environmentally benign, it greatly less-
ens the environmental impacts of power
FENETAON.

Economic lssues
Current costs for green power products

are equal to or somewhat greater than

conventional energy products, However,
green power products are derived, in part,
from renewable energy sources with stable
energy costs, As the green power marker
matures and impacts on the environment
and human health are facrored into power
costs, green power products are expecred
1o be less expensive than  conventional
power products.

Communily lssues

Supplying conventional energy adds
heavy pressures to local ecosysrems and
reduces biodiversity. This directly affeces
the health of our communities. For ex-
ample, large damis redirect nanaral warer
Aows, damaging wildlife habirar and

somerimes displacing communities,

Biomass projects offer an opportunity o
strenpthen the power producer’s links
with the communiry it serves. This gen-
eration strategy productively us
sources such as forestry and agriculy

residue thar might otherwise req
landfilling, Bio-based power can also fos-
ter local economic growth and provide
jobes for those invalved in raising, harvess-
ing, transporting, and processing fuel
crops. When making any power deci-

sior

s prudent to consider local pol-
lution effeces.

Design Approach

Strategies

Caleulate the electricity needs for the
project. Use the electricity components
of the DEC” value (net use of grid elec-
ericity} from EA Credic 1. Research
power providers in the area and select a
provider that guarantees that a fraction
of its delivered electric power is derived
from net nonpolluting renewable tech-
nologies, IF the project is in an open
market state, investigate green power and
power marketers licensed to provide
power in that state,  Grid power that
qualifies for this credir originares from so-




lar, wind, geathermal, biomass or low-im-
pact hydro sources,

Green-e electricity is available in a grow-
ing number of American states. See the
Green-¢ Web site (www.green-e.org) for
up-to-date informarion on each state.

mestic and international. Ie conrains up-
to-date information on green power pro-
viders, product offerings, issues

ss [weEYme[eq[ 10|

Credit 6

and in-depeh analyses of issues and poli-
cies affecting green power markets. The
Web site is maintained by the National
R ble Energy Laboracary for the

Green power may be p i from a
Green-c certified power markerer or ac-
credited utiliey program, through Green-
¢ certified Tradable Renewable Cerifi-
cates or from a non-certified supply thac
is proven to meer the Green-e produce
requirements.

Synergies and Trade-Offs

The location of a project will determine
if green power is available. Where green

Department of Energy.
Green-¢ Program
www.green-g.org, (B88) 634-7356

See the Summary of Referenced Standard
for more informarion.

Union of Concerned Scientists
www.ucsusa.org/clean_energy

UCS is an independent nonprofic that
lyzes and advocates energy solutions

power is not available, tradable bl
energy certificates (TRCs) can be used.

Calculations

For the purpeses of this credit, the
building’s grid-supplicd electricity use is
defined as that which is used by the en-
ergy components regulared by ASHRAE/
IESNA Standard 90.1-1999 (see EA
Credit 1), less the amount supplied by
on-site renewable energy (see EA Credit
2). To achieve this credit, 50% of the
design electricity use (by kilowarr hours)
from the electricity grid must be supplied
by electriciry derived from rencwable en-
ergy, as defined by the Green-e produce
requirements. For example, 50% of elec-
wricity can come from a 100% renewable-
derived power product or 100% of elec-
ericity must be derived from a green
power source comprised of at least 50%
renewable energy. See the referenced stan-
dard for complete details.

Resources

Web Sites
Green Power Network
www.eere.encrgy.gov/greenpower

Provides news on green power markers
and wiility pricing programs—boch do-

that are ble both envi il
and economically, The site provides news
and information on rescarch and public
policy.

U.S. Environmental Protection Agency
{EPA) Green Power Partnership
Www.e P gov/ greenpower

EPA's Green Power Partnership is a new
voluntary program designed to reduce the
environmental impact of electricity gen-
eration by promoting renewable energy.
The Partnership will demonstrate the ad-
vantages of choosing renewable energy,
provide objective and current informa-
tion about the green power marker, and
reduce the rransaction costs of acquiring
gI'ECI'J power.

LEED-NC Version 2.1 Reference Guide
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Materials & Resources

Building materials choices are important
in sustainable design because of the ex-
tensive network of extraction, processing
and transportation steps required to pro-
cess them. Activities to create building
materials pollute the air and warer, de-
stroy natural habitats and deplete natural
resources. Construction and demolition
wastes constitute about 40% of che toral
solid waste stream in the Unired Stares,

One of the most effective stracegies for
minimizing the environmental impacts of
material use is to reuse existing buildings.
Rehabilitation of existing building shells
and non-shell components reduces solid
waste volumes and diveres these waste vol-
umes from landfills. It also reduces envi-
ranmental impacts associared with the
producrion and delivery of new building
produces, Reuse of an existing building
minimizes habitat disturbance and rypi-
cally requires less infraseructure such as
uriliries and roads. An effective way o
use salvaged non-shell components in new
buildings is to specify these materials in

construction documenrs.

When new materials are used in build-
ings, it is importan to consider different
sources, Salvaged materials can substirure
for new marterials, save on material costs
and perhaps add character o the build-
ing. Recycled content marerials reuse
waste products that would otherwise be
deposited in landfills. The use of local
materials supports the local economy and
reduces the impacts of transporttion.
The use of rapidly renewable marerials
and third-party certified wood minimizes
the impact of natural resource consump-
tion to manufacture new building mare-
rials.

Ower the past decade or 50, an increasing
number of public and privace waste man-
agement operations have begun (o reduce
construction debris volumes by recycling
and reusing these materials, Recovery and
recycling activities rypically involve job
site separation into multiple bins or dis-
posal areas. These activities can also rake
place offsite if space is not available on
the project site.

ss [we[ea [l eQip

Overview

Owverview of LEED™
Prerequisites and
Credits

MR Prerequisite 1
Swoeage & Collection of

Recyclables

MR Credit 1
Building Reus:
MR Credit 2
Conginection Waste
Management

MR Credit 3
Resource Reuse
MR Credil 4
Recycled Content
MR Credit 5
Local/Begional
Materfals

MR Credit &
Rapidly Renewable
Materials

MR Credit 7
Cartlfied Woad

There are T3 poinks
available for the

Materials & Resources
calegury,

LEED-NC Version 2.1 Reference Guide
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Storage & Collection of Recyclables Prerequisite 1 |

o Required

Facilirate the reduction of waste generated by building oecupanes thar is hauled to and
disposed of in landfills.

Requirements

Provide an easily accessible area that serves the entire building and is dedicared ro the
separation, collection and storage of materials for recycling including (ar 2 minimum)
paper, cormugated cardboard, glass, plastics and merals.

Submittals

Jd Provide the LEED Letter Template, signed by the architect or owner, declaring
that the arca dedicared o recycling is easily accessible and accommodares the

building’s reeycling needs.

' Provide a plan showing the area(s} dedicared to recycled marerial collection and
slomgc.

Summary of Referenced Standard

There is no lard ref d for chis prerequisi

LEED-NC Version 2.1 Reference Guide
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Prerequisite 1

Synergies

55 Credit 2

Urban Redevelopment
58 Credit 5

Reduced Site
Disturbance

MR Credit 1

Building Reuse

EQ Presequisite 1
Minimum [AQ
Performance

EQ Credil 5

Indoor Chemical &
Pollulant Sousce Control

LS, Green Building Council
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Green Building Concerns

Recycling has become an integral part of

ULS. culture in the past two decades.
Haid.

pants to recyele. This includes designar-
ing adequare space for recycling activities
and storage of recyclable marerials.

Curbside recycling is now a ser-
vice in many urban communiries. Recy-
cling is also becoming the norm in ather
parts of life. For instance, office workers
recycle paper, airlines recycle aluminum
cans, and manufacturing facilities recycle
serap macerials such as sreel, plastic and
wood. The majority of U.S. population
is inclined to recycle as long as the pro-
cess is not too inconvenient or costly.
Table 1 provides an estimate of solid waste
generation for various building types.
Oeccupant recycling rates vary by build-
ing wype.

As an example of the potential for occu-
pant recycling, the waste stream of a large
federal office building was analyzed be-
fore recycling efforts were employed. The
average weight of waste per employee was
2.9 pounds per day. Many of the listed
materials, if nor all, could be recycled in-
stead of landfilled. The results of the
study are shown in Table 2.

The most effective method for pramor-
ing recveling activiries is to create conve-
nient opportunities for building vecu-

Table 1: Solid Waste Generation Rates

Building Type
Warehouses
Office Buildings
Department Stores
Supermarkets
Restaurants
Drugstores
Cafeterias
Chubs

Hotels

Schaools
Hospitals
Mursing Homes

E | Issues

By ereating convenient recycling opportuni-
ties for building occupants, a significant por-
tion of the solid waste stream can be diverted
from kndsils, Recyeling ofpaper, meals,carl-
board and plastics reduces the need w0 exdmct
virgin natural rsources. For example, recy-
cling one ron of paper prevents the processing
of 17 orees and saves three cubic yards of land-
fill space, Recycled aluminum requires only
5% of the energy required o produce virgin
aluminum from bausite, its raw material,
Recyeling also recduces environmental impacts
of waste in landfills. Land, water and air pol-
lution impacts can all be reduced by minimiz-
ing waste volumes sent oo landfills.

Economic Issues

Recyeling requires minimal initial cost
and offers significant savings in reduced
landfill disposal costs or tipping fees.
However, recycling activities use floor
space that could be used nrhcm-isu: In
larger buildings, processing eq

such as can crushers and canfbuard bal-
ers are effective ar minimizing the space
required for recyeling activities.,

Amount of Solid Waste

1.5 |bs / 100 SF /day

11b/ 100 SF / day

3 Ibs / 100 SF / day

7 Ibs ! 100 SF / day

2Ibs /100 SF { day

3lbs /100 SF / day

0.5 to 0.75 Ibs | meal

1.5 Ibs | meal

2Ibs { room { day & 2 Ibs | meal
6 Ibs { room & 0.25 Ibs { student / day
20 Ibs | bed | day & 2 Ibs / meal
4 Ibs | parson | day

‘Soume: Infesnational Dynatos Comoriion



Table 2: Sample Office Waste Charcterization

Recyclable Material Fr':;::aa:?:}
High-grade paper 39.6%
Low-grade paper 20.2%
Glass 11.8%
Miscellaneous paper TA%
Mewsprint 7.0%
Food waste 2.9%
Cardboard 2.8%
Plastic 2.6%
Matal 1.8%
Other 3.9%
Community Issues

Many communities sponsor recycling pro-

grams o encourage building owners and oc-
cupans o reduce the amount of waste being
lin landfills. Recycling cfforts remum
valuable rsources to the pmdumun process
and provide meore jobws versus landbilling, Some
recyclables provide revenue, although often noc
enough to offsct the cost nfmﬂumunandpm—
m"g‘ "I‘. LY
denceonvirgin mmwhmcauanm may
deseroy focal and distane habitar areas. Higher
recycling rares also result in more swble mar-
ke for recyeled marerials.

Design Approach

Strategies

In the design phase, designate well-marked
collection and storage arcas for recyclables
including office paper, newspaper, card-
board, glass, metals and plastics. Locare a
central collection and storage area in the
bascment or an the ground level with casy
aceess for collection vehides. Size the col-
lection and storage space to accommodare
recyelables storage. Research local recycling
efforts o find the best method of diverting
recyclable marerials from the waste seream.
Provide instruction w0 occupants and mainge-
nanee personnel on reqling procedures,

rials before reeyeling in arder to reduce the
amount of recycable volumes handled. For
instance, building ocaupants en reduce the
bags and other containers,

The City of Searle passed an ordinance
o require minimum arcas for recycling
and storage of recyclables in commercial
buildings. The ordinance is based on the
wial square footage of the building, Mini-
mum areas for residential buildings were
also specified. Table 3 can be used as a
guideline o size your recyeling area, Note
thar LEED does not require adherence ro
these guidelines.

Technologies

In addition to providing sufficient and ac-
cessible space for recycling, other devices
may further facilitate recycling effores.
These include, burare not limired to, card-
board balers, aluminum can crushers and
recycling chutes.

Synergies and Trade-Ofis

Drense urban areas rypically have recycling
infrastructure in place, but additional
space for collection and storage may be
costly. It is possible thar recyclable col-
lection and storage space could increase
the building footprint in some instances.
It is important to address possible indoor
environmental quality (TEQ) impacts on
building occupants due to recycling ac-
wvities. Those actvities that create odors,
noise and air contaminants should be iso-

Table 3: Recycling Area Guidelines

Minimum

Commercial Bullding

Square Footage Recycling Area
[SF]

0 to 5,000 &2
5,001 10 15,000 125
15,001 to 50,000 175
50,001 - 100,000 225
100,001 - 200,000 275
200,001 or more 500

E
= Ly

ss [we e [l eQ[ 1D

Prerequisite 1

LEED-NC Version 2.1 Reference Guide




ss|we ea [lfJeQi0
Prerequisite 1

U.S. Green Building Council
190

lated or performed during non-occupant
hours to maintain optimal TEQ.

Resources

Web Sites
Business Resource Efficiency and Waste
Reduction

www.ciwmb.ca.gov/bizwaste, (916) 341-
6615

A program from the California Integrated
Wasee Management Board to assist in of-
fice recyeling and waste reduction effors.
Earth’s 911

www. 1800cleanup.org, (602) 224-5444
Information and education programs on
recycling as well as regional links to recy-
clers.

Recycling at Work
www.usmayors.org/ USCM/ recycle, (202)
293-7330

A program of the U.S. Conference of
Mayors that provides informacion on
workplace recycling efforrs,

Waste ar Work

www.informinc.org/wastearwork, (212}
TEE-T900

An online document from Inform, Ine.,
and the Council on the Environment of
New York City on serategies and case stud-
ies 1o reduce workplace waste generation.

Print Media

G L3 .ﬂandnf‘.bl. ..AI
Solid Waste by Luis Diaz et al, CRC
Press, 1993,

MeGraw-Hill Recyeling Handbook by
Herb Lund, McGraw-Hill, 2000.
Definitions

Reeycling is the collection, reprocessing,
markering and use of marerials char were
diverred or recovered from the solid waste
Stream.

A Landfill is a waste dispesal site for the
deposit of solid waste from human acrivi-
ties.
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Building Reuse Credit 1.1

Maintain 75% of Existing Walls, Floors and Roof :
1 point

Intent

Extend the life cycle of existing building stock, conserve resources, retain cultural re-
sourees, reduce waste and reduce environmental impaces of new buildings as they re-
late to materials manufacturing and transport.

Requirements

Maintain at lease 75% of existing building structure and shell (exterior skin and Fram-
ing, excluding window assemblies and non-strucrural roofing marerial).

Submittals

3 Provide the LEED Letter Template, signed by the architect, owner or other re-
| B ¥ ;
sponsible party, listing the retained elements and declaring thar the credit require-
ments have been mer,

— LEED-MNC Version 2.1 Reference Guide
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Credit 1.2 Building Reuse

, Maintain 100% of Existing Walls, Floors and Roof
1 point
in addition to
MR 1.1 Intent
Extend the life cycle of existing building stock, conserve resources, recain cultural re-
sources, reduce waste and reduce environmental impacts of new buildings as they re-
lare to marerials manufacruring and cransport,

Requirements

Maintain an additional 25% (100% total) of existing building structure and shell {ex-
terior skin and framing, excluding window assemblics and non-structural roofing ma-
terial).

Submittals

A Provide the LEED Lerter Template, signed by the architect, owner or other re-
sponsible party, demonstrating the recained elements and declaring that the credic
requirements have been met.

U5, Green Building Council
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Building Reuse Credit 1.3
Maintain 100% of Shell/Structure and 50% of Non-Shell/Non-Structure

1 point
in addition to
Ittent MR 1.1 &1.2

Extend the life cycle of existing building stock, conserve resources, retain culrural re-
sources, reduce waste and reduce environmental impacts of new buildings as they e
lare to materials manufacturing and transpore.

Requirements

Maineain 100% of existing building structure and shell (exverior skin and framing,
excluding window assemblies and non-structural roofing material} AND at least 50%
of non-shell areas {interior walls, doors, floor coverings and ceiling systems).

Submittals

Q Provide the lEI‘D Letter Template, stgncd by the architect, owner or other re-
ponsible party, d rating the retai and declaring that the credit
requirements have been met.

< y of ad Standard

There is no standard referenced for these credits.

LEED-NCVersion 2.1 Reference Guide
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Credit 1

Credit Synergies

55 Crexhit 4
Alternative
Transpeatation

S5 Creddit 5

Restluced Site
Disturbance

55 Credit 6
Starmwater
Management

58 Credit 7
Landscape & Estorsor
Dysign b Rechuce
Heal 1xlan
55 Credit #
Light Pallution
Roduction

WE Credit 1
Water Elficient
| Landscaping
WE Credit
Tnnavitivee Wastewate:
Treatment

WE Credit 3

Water Ui Reduction

EA Prerequisite 2
Mirdmim Eregy
Performandce

EA Prerequisite &

CFC Reshaction in
FIVALCER Equipment
EA Credil 1

Optimize Fneoy
Pedormance

EA Crodit 4

Dizone Depletion

ME Prevequisite 1
Storage & Collection of
Recyclables

MR Credit 2
Construction Waste
Management

EQ) Credhl 5

Indoor Chemical &
Pollutant Source Contral
EQ Crodit &
Contrallability of
Systems

Q) Credit 8

Diaylight & Views |

LIS, Green RBullding Council
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Green Building Concerns

Many apportunities exist o rehabilicare
existing buildings. Commercial real estate
companics often rehabilitate old industrial
buildings 1o mke advantage of prime loca-
ton, lower building costs and desirable
building charactenistics.

Environmental Issues
Reusing the building shell and non-shell
components of an existing building sig-
nificantly reduces construction waste vol-
wittes leaving the project site. Reuse strat-
epies also reduce environmental impacts
associated with raw material exuraction,
facture and of new
or recycled marerials. Building reuse mini-
mizes habitar disturbance associated with

developing on a greenfield site and typi-
cally requires less new infrastructure de-
velopment for utilities and roads.

Economic Issues

Reuse of an existing structural shell de-
pends an many factors including struc-
tural and 1 regrity, !unl«lml.uuh
compliance, fire and safery ¢

Building reuse maintains the vital link
between neighborhoods of the past and
present. Building reuse can often shoren
construction periods and reduce noise and
wraffic disruptions in the neighborhood.

Design Approach

Strategies

Rescarch the potential reuse of an exist
ing building’s structural shell in the early
design phase of the project and create a
list of hencfits and drawbacks of such a
scheme. Determine if programming and
Space | ing can be ace faved in
the existing building structure,
of the soructural shell is not possible, con-
sider preserving the facade, pasticularly in
urhan areas.

If reuse

The building envelope has a significam
impact on energy pedfonmance and opers-
tional costs over the hr::.mr. of the build-
ing, Evaluare the buil
tegrity and skin, functional suicability, u\k
comp nd culmral ¢
cance, and adapea d)lhty I addirion, con-

o structural in-

ce, historic

adaprability o the new building pmg_rr‘lm.
possible contamination issues, and encrgy
and environmentally efficient rerrofic con-
siderations. A critical review of all these
elements is necessary to determine the
advantages of reuse versus demolition,

Reuse of an existing building can reduce
the first costs of building substantially.
For instance, the Southern California Gas

i

sider the il of the
building, surrounding site and structural
shell. Examples o
include solar benefits or drawluacks, trans-
portation access, existing air quality levels,
and the possibility for upgrading ourdared
building components such as insulation and
glazing, Identify asbestos, lead-based paine
and other contaminants in the building and
apply required or appropriate removal or
S E

vironmental antributes

“omparty reused an existing building for
its Energy Resource Center and estimated
a savings of approximarely $3.2 million,
based on typical first costs for a 44,000-
square-foor building. The largese savings
were realized in masonry (87% savings),
site work (57% savings), conerete {49%
savings) and carpentry (70% savings).

Community lssues

The character of a neighborhood is ofien
defined by existing historic buildings.

Technologies

Consider upgrading outdated compo-
nents with new components that can en-
hance energy efficiency, water efficiency
and indoor environmental quality. Build-
g systems to consider for upgrade in-
clude HVAC systems, plumbing systems,
nsularion and windows,



shell - roof ——

interior - ceiling
interior - partitions
interior - floors —

shell - walls

structure - foundation

Figure 1: Example Reuse of Building

Synergies and Trade-Offs

The location of the existing building decer-
mines the neighborhood density, brownfield
status and transportation oprions.  Sire
amenities may or may not exist for
stormwater control and sire lighting, Pre-
served site surfaces such as roofs and park-
ing lots may concribute o urban hear is-
land effects. The existing plumbing and

Prepared by Paladine Consulting LLC

energy performance than a new building
with state-of-art wall construcrion. The
existing building orientation may pre-
clude the use of passive solar gains or may
lack shading devices to prevent unwanted
solar gain and glare.

Reusing a building also reduces the amount
af solid waste leaving the projece site. Thus,

irmigation systems may not have the e
ibilicy to allow for poeable water use reduc-
fion, i Juetion, and

building el qualifying for this credit

can also be applied to MR Credit 2: Con-
struction Waste Management. [fa portion

Stormwater mus:

The energy performance of buildings is
highly dependent on the building cnve-
lope and HVAC and lighting systems. For
instance, an existing building with mini-
mal insulation will rend o exhibic lower

of a building’s structure, shell or non-shell
components are reased bur chis efforr does
not meet the minimum levels as stared in
this credit, apply these reuse activities o MR
Coredie 2.

Existing buildings may have space con-
straings and may not be able w provide ad-

EEEN v EIIE

Credit 1
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equate space for occupant recycling activi-
ties and separation of chemical storage ar-
eas. Older buildings may contain contami-
nants such as ashestos and lead-bhased paint
that can affect indoor air quality. Their sys-
tems may also contain HCFs and halons
that are detrimental o the Farths armo-
sphere. Daylighting and eecupant control
strategies may be difficult to implement in
the existing building’s kyour,

Calculations

The following calculation methodelogy
is used to support the credit submirtals
listed on the first page of this credic. In
ondu to qualify for this point, I'!t cmsr-
ing building must undergo a
S project includes an ad-
dition that is greater than 30% of the ex-
isting building’s square footage, it is con-
sidered a new building and is thus ineli-
gible for the building reuse credit. In such
cases, the reused building materials should
be included as part of MR Credir 2.

To caleulate the percentage of reused
building structure, consider structural ¢l-
ements such as footings, slabs on grade,
stem walls, columns, beams, exterior wall
secrions and diaphragms, as well as shell
elements such as brick cladding, roofing
and siding (see Equations 1 and 2).

Quantify structural elements in erms of
cubic feer (CF) and shell elements in rerms

of square feet (SF). Do not include doors
and similar elements. (Apply the environ-
mental benefits of reusing these elements
o MR Credir 2: Construction Waste Man-
agement.) Ifan jrem that cannot be reused
for its original function is reprocessed (on
or off the site) and installed for a different
use, it can be counted roward MR Credir
3t Resource Reuse. Wood beams that are
remilled for a similar use, for instance,
would be applicable o this credit. Demol-
ished concrere thar is crushed on site for
use as structural fill would also be appli-
cable to MR Credit 3.

Onge the structural and shell reuse per-
centages have been derermined, add these
two percentages together and divide by
two to obrin the approximate percent-
age of the total building thar is being re-
used [see Equation 3).

To caleulate the percentage of reused non-
shell building portions, consider all walls,
doors, floar coverings and ceiling systems.
Quantify the elements in terms of square
feet and divide the reused elements by the
existing total square footage of walls,
doors, floor coverings and ceiling systems
to obtain the péveiry of reused non-
shell building (scc Equation 4).
Tables 1, 2 and 3 summarize an example
building reuse project where both strue-
tural elements as well as non-shell (i.e.,
interior) clements were reused. The

Equalion T:

Structural %] = Reused Elements [CF]

Reuse Total Elements [CF]
Equation I:

Shell ] = Reused Elements [SF]

Reuse Total Elements [SF]
Exquation 3:

Building ,,, _ (Structural Reuse [%] + Shell Reuse [%])

Reuse %] = 2
Eqquation 4:

MNon—Shell Reused Elements [SF]

%] =

Reuse

Total Elements [SF]



spreadsheer indicates that 100% of the  Resources

structure and exeerior shell was reused and

569 of the non-shell interior components ' Web Sites
were reused. This qualifies for three  gucninable Communities Necwork Case

points under this credic. Seuclies

www.smarrgrowth.org/library/
typelistasp, (202) 328-8160
Several deconstruction and reuse case studies.

Table 1: Structural Flerments Reuse Example:

Structural Element Existing

Reused

Percentage
Reused
[%6]

ss [we ea [l ea [0

Credit 1

Foundation / Slab on Grade 11,520 11.520 100%
Columns 500 500 100%
Beams 250 250 100
Basement Wall 500 500 100%
Floar Decks 250 250 100%
Diaphragms 1,507 1,507 100%
Roof Deck 1,507 1,507 100%

TOTALS 16,034 16,034 100%

Tabbe 2: Shell Elements Reuse Fample

. Percent;

Shell Element Existing Reused rR.et afs
SF] [EF] 15

Roofing 1,000 1,000 100%
North Extarior Wall 8,235 8,235 100%
East Exterior Wall 6,950 6,950 100%
South Exterior Wall 8,235 8,235 100%
West Exterior Wall 6,950 6,950 100%
TOTAL 31,370 1,370 100%

Table 3: Imerior Elernents Rewse Example

Interior Element Existing Reused F‘er:{:c ag:;,
E5] 157 ]

Ceilings 40,000 0 Y
Waod Flooring 40,000 40,000 100%
Other Flooring 500 250 50%
Floor Coverings 500 250 0%
Walls 500 250 0%
‘Wall Panels 29,600 18,600 B4%
Other 20,600 18,800 B4%
TOTAL 140,700 78,350 56%

LEED-NC Version 2.1 Reference Guide
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Credit 1 Adaptive Reuse: Issues and Case Studies

in Building Preservation by Richard Aus-
tin and David Woodstock, Van Nostrand
Reinhold Company, 1987,

Case Study

KSBA Architects Office Building
Pittsburgh, Pennsyhvania

The KSBA Archirects office building is a LEED™ Cerrified I'i-
lot Project locared in the La ille section of Pisburgh, The
entire shell of the 1888 building was reused as well as 90% of
interior millwork. New components were installed to update the Cury of KSIA Archiiicn
interior spaces, including a raised access floor with HVAC and Chwner
modular cabling, indirece lighting and ergonomics. The build- AN Aickices
ing now serves as a state-of-the-art information and technology

headquarters for an architectural firm.

LLS. Gireen Building Council
198
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Construction Waste Management - Credit 2.1

Divert 50% from Landfill

1 point

Intent

Dhivere construction, demaolidon and land dearing debris from landfill disposal. Redi-
rect recyclable recovered resources back to the manufacturing process. Redirece reus-
able materials to appropriate sites,

Requirements

Develop and impl a waste T plan, quantifying marcrial diversion
goals. Recycle andfor salvage at lease 50% of construction, demolition and land clear-
ing waste, Calculations can be done by weight or volume, bur must be consistent

throughout,

Submittals

2 Provide the LEED Letter Templare, signed by the architect, owner or other re-
sponsible party, tabularing the total wasee material, quantities diverted and the
means by which diverted, and declaring chat the eredit requirements have been
mer,

LEED-NC Version 2.1 Reference Guide
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Credit 2.2 Construction Waste Management
Divert 75% from Landfill

1 point
in addition to

MR 2.1 Intent

Divert construction, demolition and land clearing debris from landfill disposal. Redi-
rect recyclable recovered resources back to the manufacturing process, Redirecr reus-
able marerials to appropriate sies.

Requirements

Develop and impl a waste 1 plan, quantifyi | di

goals. Recyele and/or salvage an addirional 25% (75% toral) ofcuns(rucuon, demoli-
tion and land clearing wasee. Calculations can be done by weight or volume, bur must
be consiszent throughout.

Submittals

O Provide the LEED Letter Templare, signed by the architect, owner or other re-
sponsible party, tabulating the toral wasee material, quantities diverted and the
means by which diverted, and declaring that the credit requirements have been

met.

Summary of Referenced Standard
There is no standard referenced for this eredit,

LLS, Green Building Council M
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Green Building Concerns
(.unstru.cnon anel demnlmun {C&D) acrivi-

Folid

The US. EPA estimares thar 136 million tons
of C&D debris (versus 209.7 million rons of
municipal solid waste) was generated in
1996—57% of it from non-residential con-
struction, renovation and demolition activi-
tics. This equates o 2.8 pounds per capica per

« ial tion g be-
tween 2 and 2.5 pounds of solid waste
per square foot, and the majority of this
waste can potentially be recycled. The
Ciry of Portland, Oregon, has msutu(ed

tion, renovarion and demaolition activities.
While this ccample is a potential s&.:nanu.
it should be noted thar the ¢

EIUEEY v« B
Credit 2

of C&D debris is highly variable and de-
pends an the geographic location and type
of activity.  Cardboard, for instance, is
mare prevalent during construction ac-
avites.

Environmental lIssues

Recyeling of construction and demolition
debris reduces demand for virgin re-
sources, and, in turn, reduces the envi-
ronmental impacts associated with re-
source extraction, processing and, in
many cases, tmlspnrmnon Landlfills con-

programs to reduce solid waste g

and promote recyclable marerial markets.
In 1993, the city was successful in divert-
ing 47% of all construction and demoli-
tion waste from landfills. In one project,
T6% of the waste from the construction
of a 5,000-square-foot restaurant was di-
verted from handfilling (61% was recy-
clable or reusable wood, 11% was card-
board, and 4% was gypsum wallboard).
Reeycling opportunities are expanding
rapidly in many communities. Metal,

and encroach upon
viluable gn:cn space. Through effective
tion waste L is pos-

sible 1 extend the liferime of existing
landfills, avoiding the need for expansion
ar new landfll sires,

Economic Issues

In the past, when landfill capacity was
readily available and disposal fees were
low, recycling or reuse of construction
Wiaste was not ccnncm:caliy fea.s:b]:
C iomn ials were

vegeration, concrete and asphalr li
opportunirics have long been available
and cc ical in most ities. Pa-
per, corrugared cardboard, plastics and
clean wood markets vary by regional and
local recycling infrastructure, bur are re-
cycled in most communiries. Some ma-
terials, such as gypsum wallboard, have
recycling oppormunities only in commu-
nicies where reprocessing plants exist. The
recyclability of a demolished material is
often dependant on the amount of con-
tamination arached to it. Demolished
wood, for instance, is often not reusable
or recyclable unless it is deconstrucred and
de-nailed.

compared to the cost of labor and, thus,
construction jobsite managers focused on

Tahle 1; COL Waste Stream Chasacterizations

A conseruction and demaolition debris
study conducred during one week in 1994
in Des Moines, lowa is presented in Table
1. Data include debris from construc-

Material

Concrete 288
Wood 206
Drywall 140
Metal 1.2
Roofing i
Brick 62
C 35
Miscellaneous B0

.qmm nmuamhm Rdert. GBS Inc., “Ideniiying CAD
i) Pricoreny, Marhiaprs 199,

Credit Synergies

58 Credit 2

Urhan Eedevelopment
55 Credit 3
Brownbield
Redevelopment

MR Credit 1

Building Reuse

EQ Credit 3
Construction 1AD)
Management Plan

LEED-NCVersion 2.1 Reference Guide
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worker productivity rather than materi-

Credit 2

als con; . In addirion, recycling
infr ture and materials markerplaces

LS, Green Building Council
202

o process and resell construction debris
did not exist. In recent years, increased
materials and disposal costs coupled with
mare stringent waste disposal regularions
and decreasing landfill capaciry ha\»e
hanged the waste

Local EOVEINMEnt agencies My private
organizations have partnered with the
industry to support construetion waste
management by publishing guides, direc-
tories and other educational macerials;
presenting recycling informarion at semi-
nars and workshops; and operaring pilot
projects to demonstrare the feasibilicy and
cost-cffectiveness of these activities.

Waste management plans require ime and
money to deaft and implement but rhcyc:m
guide a project to achieve sul I sav-

local recycling facilities, reprocessing costs
and the availability of virgin materials on
the marker, In general, it is cconomically
beneficial to recycle metals, conerete, as-
phalt and cardboard—o receive revenue
as well as to aveid paying a landfill tip-
ping fee. Market values normally fAluctu-
ate from month to month. When no rev-
enue is received for marenials—often the
case for scrap wood and gypsum wall-
bhoard—smaller rewards can come from
possibly shorter hauling distances and
avoiding landfill tpping fecs,

Some materials can be reprocessed and
reused on site. For instance, grinding de-
molished concree for use as structural Gl
can provide excellent savings versus haul-
ing debris away and purchasing gravel.
Community lssues

The | approach to construc-

ings throughout the construction process.
Projects that recycle construetion and deme-
licion debris benefit from lower tipping fees.
As landfill ripping fees continue o esca-
late, the option to recyele becomes mare
economically attractive, As a rule of
thumb, when landFill tipping fees exceed
$50 per ton, recycling becomes cnsr-cF—

tion waste is to remove all wastes from
the site and start with a “clean slae.” In
PECENE Years, CORSIIUCTon Wiste strategics
have dictated more thoughtful planning
and scheduling of solid waste streams.
Reusing  existing structures and
deconstructed materials on-site can re-
duce disruption to the community by
g truck craffic. Recycling sup-

fective. Local g
inflate tipping ek artificially o encour-
age greater recycling efforrs,

Recyclable materials have differing mar-
let values depending on the presence of

Table 2: Construction Materials Being Recyclod

ports local processing facilities, creates
jobs and reduces the need for additional
landfill capaciry. Salvage may include the
donation of materials to charitable orga-
nizations such as Habizar for Humanity.

‘Materials

Land clearing debris Asphait shingles

Clean dimensional wood Paint

Plywood, 058, & particle board Window glass

Concrete Carpet & carpel pad

Asphaltic concrete Plastic film

Congrete masonry units (CMUs) Polystyrene

Bricks High density polyethylene (HDPE)
Gysum wallboard Cardboard, paper, & packaging
Rigid foam insulatl




Design Approach

stormwater runoff volumes and to pro-
tect stockpiled recyclable marerials from

Strategies the elements.
Minimize factors thar concribute to waste [ the project is reusing a building, the ma-
such packaging, improper storage,  eerials ed can b

ordering errors, poor planning, breakage,
mishandling, and contamination of con-
struction For waste vol

applied to this credic
as well as 0 MR Credit 1. The waste man-
agclnen( plan should address construction

generared, identify and institute reuse,
salvage and recycle opportunities when-
ever economics and logistics allow. Table
2 is a list of marerials thar are being re-
cyeled invarious places around the United
States.

Develop and institute a construction
waste management plan thar idencifies
proposed deconstruction and salvage op-
portunities, on-site reprocessing and re-
use opportunities, recommended recy-
cling acrivicies, licensed haulers and pro-
cessors of recyclables, and potential mar-
kets far salvaged marerials. The plan
should include estimared coses associared
with recyeling, salvaging and reusing ma-
rerials and should also address source re-
duction of materials use.

kecping to avoid the contamina-
fion oFlhc I:mhd.mgmd subsequent impacts
on indoor air quality.
Materials included in MR Credits 3, 4,
5,6and 7 cannot be applied to this credir.

Calculations

'J.—h: fall,
is used to support the credit submirtals
listed an the first page of this credit. Use
aspreadsheet to rack the weights of con-
srruction wasees thar are landfilled and the
weight of construction, demolition and
land clearing (CDL) wastes that are re-
cycled, To caleulate the recycling percent-
age, use Equation 1. Calculations can be
done by weight or volume, bur must be
consistent throughout. Do not include
hazardous waste and excavarion soil in the

1
L
&

On the construction sice, d an area
specifically for construction and demaoli-
tion waste recycling. Train site workers
on the proper recyeling protocol and la-
bel recyclable containers effectively. In-
stitute monthly reporting and feedback
on the waste management plan ro asscss
progress and address any problems. Post
this information for all conserucrion per-
sonnel to read. Provide signs in the na-
tive language(s) of che workers.
Synergies and Trade-Offs

Praject sites in urban areas may have linde
or no space available for waste separarion

activities. Recycling areas should be cho-
sen wisely to avoid contaminating

Equation 1

Tables 3 and 4 demonstrate waste calcu-
lations for an example project. The
project recycled concrete, swel, wood,
cardboard, gypsum wallboard, masonry
and land clearing debris. An estimared
245.5 tons of waste were recycled while
43.7 tons were sent 1o the landfill. This
results in a recycling rate of 85%, which
qualifies for two points under this credit,

Typically, waste containers are sized by
volume and these volumes are weighed at
the marerials recovery facility or landfill.
To assist in calculations, Table 5 provides
estimates to convert waste marerials from
volume to weight.

Recycled Waste

Rae 41 =

Recycled Waste + Garbage

LEED-NCVersion 2.1 Reference Guide
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Credit 2

U5 Green Building Council
204

Table 3: Revycled Materals Example

Recycled and Salvaged

Materials
Concrate 138.0
Land Clearing Debris 562
Wood 196
Gypsurm Wallboard 95
Masonry 9.4
Cardboard T2
Steel 3
Furniture 25
TOTAL 2455

Tabde 4: Landiills Materials Example

Miscellansous Garbage

Construction Materials Recyeling Asso-
ciation

www.cdrecycling.org

A nonprofic dedicated to information ex-
change within the North American con-
struction waste and demolition debris
processing and recyeling industry.
C ion Waste M,

book
www.smartgrowch.org/library/
articles.asplarc=15, (202) 328-8160

A report by the NAHB Research Center
on residential construction waste manage-
ment for a housing development in
Homestead, Florida.

Contractors’ Guide to Preventing Waste
and Recydling
www.resourceventure, org/
publications.hem, (206) 389-7304

A guidebook on wasee p in con-

Hand-

TOTAL

Table 3: Solid Waste Comenion Factars

Cardboard 100
Gypsum Wallboard 500
Mixed Waste 350
Rubbie 1,400
Steel 1,000
Woad 300
Resources

Web Sites

Construction and Demolition Waste
Recycling Information

www.ciwmb.ca.gov/ConDemo, (916}
341-6499

A program by the Culifornia Integrated
Waste Management Board including case
studics, fact sheets and links.

struction from the Business and Industry
Resource Venrure,

Government Resources

Check with the solid waste and natural
resources departments in your city or
county, Many local governments provide
information about regional recyeling op-
portunities.

Recycling and Waste M
ing Construction
www.metroke.gov/procure/green/
wastemngt.htm

Due-

Specification language from City of Se-
artle and Portand Metro projects on con-
SITUCTION WasTe management.

< s Bl € Lo

www.greenbuilder.com/sourceboak/
Construction Waste heml

A guide 1o construction waste manage-
ment from the Swicainable Building
Saurcefook.



U.5. EPA — Environmental Specifica-
tions for Research Triangle Park
www.epagovi rip/new-bldg/environmen-
alfspecs.hem, (919) 541-0249

Waste management and other specifica-
tions.

Waste Spec: Model Specifications for
Construction Waste Reduction, Reuse
and Recycling
www.tjicog.dst.nc.usledwaste hem, (919)
558-0343

Model specifications developed by Tri-
angle | Council of Gevernments in North
Carolina. Ten case studies show resules of
using the specifications.

Case Study
The Aspen Skiing C

Definitions

Construction, demolition and land clear-
ing (CDL) debris includes waste and
recyclables generated from construction,
land clearing (e.g., vegetation, bue not
soil), renovarion, and demolition or
deconstruction of pre-existing strucrures.
Recycling is the collection, reprocessing,
marketing and use of marerials thar were
diverted or recovered from the solid waste
Sstreanm.

Reuse is a strategy o return marerials ro
active use in the same or a related capac-
ity

Tipping Fees are fees charged by a land-
fill for disposal of waste volumes. The
fee 15 typically quored for one ton of wasee.

Aspen, Colorado

project savings of $35,000,

y Sundeck Rest.

The Aspen Skiing Company Sundeck Restaurant is 2 LEEDT™
Bronze Pilor Project thar is located arop Aspen Mountin, The project
team adopted 4 construction waste management plan and instituted
rigorous “grass roots” construction waste management effors thar
resulted in the diversion of 84% of construction waste marerials
from the landfill. The existing building was deconstructed, and
beams, doors, fixtures, appliances, furniture and other valuable items
were sold at 4 yard sale. Steel was segregared from the construction
waste stream and recycled. Wood and gypsum wallboard were ground
on-site and reused as compost. Finally, the existing foundarion was
processed on-site and reused as fill material. Overall, these measures
significanty reduced hauling trips to the landfill and resuleed in

ss [weea [l k[0
Credit 2
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Resource Reuse
5%

Intent

Reuse building marerials and products in order to reduce demand for virgin materials
and to reduce waste, thereby reducing impacts associated with the extraction and pro-
cessing of virgin resources.

Requirements

Use salvaged, refurbished or reused ials, products and furnishings for at least 5%

of building marerials.

Submittals

2 Provide the LEED Lerter Templare, signed by the architect, owner or other re-
sponsible party, declaring that the credit requirements have been met and listing
each material or product used o meet the credir. Include details demonstraring

that the project incorporates the required percentage of reused matetials and prod-
ucts and showing their costs and the wial cost of materials for the project.

55 |WE| EA EIHI’:Q D

Credit 3.1

1 point

LEED-NC Version 2.1 Reference Guide
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Credit 3.2

1 point
in addition to
MR 3.1

LS. Gireen Building Council
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Resource Reuse
10%

Intent

Reuse building materials and products in arder to reduce demand for virgin marerials
and o reduce waste, thereby reducing impacts associated with the exeraction and pro-
cessing of virgin resources.

Requirements

Use salvaged, refurbished or reused materials, products and furnishings for ar least
10% of building marerials.

Submittals

1 Provide the LEED Letter Templare, signed by che architect, owner or other re-
sponsible party, declaring that the eredir requirements have been mer and listing
each marterial or product used ro meet the credir. Include details demonstrating
that the project incorparates the required percentage of reused materials and prod-
uets and showing their casts and the total cost of all materials for the project.

Summary of Referenced Standard
There is no standard referenced for chis credit,



Green Building Concerns

Use of salvaged and refurbished materials
in new building projects extends the life
of materials and can reduce overall first
costs of construction marerials, Use of
salvaged marerials can also add characrer
to the building and can be used effectively
as architecrural details. Some areas of the
United States, such as New England, the
Pacific Northwest, and California, have
well-developed markers for salvaged ma-
terials while other regions are just begin-
ning to develop these markets.
Environmental Issues

Reuse strategies divert material from the
construction waste stream, reducing the

need for landfill space and the associated
water and air contaminarion ;ssucs Use

Conversely, cerrain salvaged materials may
be impossible to duplicare (such as tumn-
of-the century lumber and casewark) and
may well be worth the higher cost com-
pared fo new but inferior marerials,

Community lssues

By reusing locally obtained salvaged ma-
terials, local salvage businesses are sup-
ported. Also, saving landfill capacity ben-
efits the community through lower tip-
ping fees and fewer landfill sices overall.

Design Approach

Strategies

Develop a reuse strategy early in the sche-
matic design phase to incorporate salvaged
and refurbished building marerials and sec

of salvaged ials climi nviron
meneal impacts of producing new con-
struction and product materials. These
impacts are significant since buildings ac-
count for a large portion of our use of
natural resources, including 40% of raw
stone, gravel and sand, and 25% of vir-
gin wood.

Economic Issues

Some salvaged materials are more costly
than new materials due o the high cost of
laber invalved in recovering and refurbish-
ing processes, However, salvaged marerials
are often of higher quality and more du-
rable than available new materials. Local
demolition companies may be willing to sell
materials recavered from existing buildi

aged materials goals. For instance,
state that a minimum of 50% of all Aoor
surfaces will be salvaged. Identify local
sources for salvaged or refurbished build-
ing marenials and products. It may be
helpful to create and maintain a current
list of the salvage material suppliers to use
on other projects.
G ly sabvaged or refurbished build-
ing materials and products include seruc-
waral elements such as beams and posts,
wood fooring, wood pancling, doors and
frames, cabinetry and furniture, brick and
ather masonry products, and decorative
items such as mantels, ironwork and an-
tique light fixtures. Research all salvaged
and refurbished materials for durabilicy,

L

10 avoid landfill tipping fees and 1o gener-
are income. In some areas, munﬂ:\pn.imts
and waste have

e, code liance and envi-
mnmcnm] considerations. Do nor con-
sider items thar generally should not be

established facilities to sell s:llv:zgnd build-
ing marerial sales ar landfill sices.
Sometimes salvaged marerials are offered
ar prices that appear to be cost-cffecrive
bur may include hidden costs such as the
need for reprocessing, exorbitant trans-
portation costs or liabilities associared
with toxic contamination.

Ivaged and reused, such as roilees (older
models consume more warer) and win-

dows (older styles are less energy efficient).

When considering salvaged structural ma-
terials such as heavy nimbers, it is impera-
tive to check for structural incegrity, code
compliance and engineered rating to com-
ply with building codes for structural re-

ss (wi eA [l eo|ip |

Credit 3
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Credit 3

Credit Synergies

S8 Credit 2

Urban Redevelopment
S8 Credil 3
Brovnfield
Redevelopment

MR Credil 1

Building Reuse

MR Credit 5
LocalRegional
Matetials

LLS. Green Building Council
210

quirements, Also investigate salvaged ma-
ferials for possible contamination by lead
paing, asbestos, pesticides and ror.

Synergies and Trade-Ofis

The availability of salvaged macerials will
depend on the location of the project sice.
Building projects in urban areas often
have many opportunities to use salvaged
marerials, These marerials can be applicd
o MR Credit 5 if the marerials comply
with the requirements of the credir. Sal-
vaged materials cannot be applied o MR

. Credits 1,2, 4,6 and 7.

A material salvaged during a building
renovarion can be applied w this credit
only il it can no longer serve its original
funcrion and has been reprocessed and
installed fora different use. Materials that
will be reinstalled eo serve in their origj-
nal funcrion must be applied w MR
Credit 1.3, Building Reuse. On a project
site where an existing building is being
demaolished or deconstructed, the mare-
rial thar is salvaged on-site and installed

this credit is audited. 1f major mechani-
cal, plumbing and/or electrical compo-
nents are part of the salvaged marerials
contributing to credit compliance, then
add mechanical, plumbing and/or elec-
erical material costs in the caleulation (nu-
merator and denominavor), If the costof
the salvaged or refurbished material is
below markee value, use replacement cost
to estimate the material value. For ex-
ample, if reclaimed plywood is used in the
project ata cost of $15 per sheet and new
plywood costs $25 per sheet, use the new
cost in salvage and reuse caleulations.

A satnple caleulation for sabvaged building
marerials is presented in Table 1. Salvaged
materials in this example include brick and
reclaimed wood. The material coses of these
items are totaled and divided by the roal
material cost for the project. The ol
miarertals cost figure may be derived froma
defaulr calculation (45% of total construc-
tion cast) or a tally of acrual marerial coses.
The sample projece has chosen the lateer.

in the new building can be used to com-
ply wirh this credir.

Calculations

The following caleulation methadology
is used to suppart the credit submirals
listed an the first page of this credic. To
calculare the percencage of salvaged ma-
reridls used on a project, use the LEED
Levter Templare’s spreadsheer o list all
materials and products used on the project
and their associated costs. ldentify those
building marerials that are salvaged and
use Equation 1 1o dewrmine the salvage
percentage for the project.

The salvaged or refurbished starus of each
miterial must be validated by a staremen
from the provider of that material, in case

Equation 1:

Salvage =
Rate Il =

The resulting p e of 3.68% quali-
fies for one point under this credic,
Resources

Web Sites

California Marerials Exchange
www.ciwmb, ca.gov/CalMAX, (877) 520-
9703

A program of the California Integrared
Whaste Management Board, this exchange
allowss users to exchange waste items online.
Government Resources

Check with the solid waste and natural re-
sources departments in your city or county.
Many local governments provide informa-
tion about regional marerials exchanges and
other sources.

Salvaged Materials Cost [$]
Total Materials Cost [$]
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Used Building Materials A TG

Elements
www.crbt.org, (406) 549-7678
The Cenrer for Resourceful Building

www.ubma.org, (877) 221-UBMA
UBMA is a nonprofit, mmbﬂihip—bﬂﬁtﬂ
B 5

Technalogy's directory of lly
responsible bmidm.s prodncts Tlus re-
source provi

per topic and congact :nfnrmmon for
specific products, including salvaged ma-
terials,

Materials Exchanges on the Web
www.metroke, gov/hazwasre/imex/
exchanges.huml, (206) 296-4899

A listing of materials exchanges on the
Web,

Reuse Development Organization
{ReDO}

www.redo.org, (317) 631-5395

A national nonprofit located in India-
napolis, Indiana, that promores reuse as
an environmentally sound, socially ben-
eficial and economical means of manag-
ing surplus and discarded marerials. See
the List of ReDO Subscribers for conacts
around the United Staces.

Salvaged Building Materials Exchange
www.greenguide.com/cxchange/
search.heml

A searchable database of salvaged build-
ing materials.

fved in the a ]
andlor rediseribution of used building ma-
werials,

Used Building Materials Exchange
www.build.reeyele.ner, (519) 767-2913

A free marketplace for buying and selling
recyclables and salvaged materials.

Definitions
Chain-of Custody is a tracking procedure
o decument the starus of a product from

the point of harvest or extraction to the
ultimate consumer end use.

Salvaged Materials are construction tma-
terials recovered from existing buildings
or construction sites and reused in other
buildings. Common salvaged )
include structural beams and posts, floor-
ing, doors, cabineery, brick and decora-
tive items. See the Synergies section for
more LEED-relared decails.

Table 1: Letter Template Speeadsheet Example for Resource Reuss

Provide 1otal construction cost

for 5% default total materlals value, OR

Provide total materials cost :exn,luds- bor, equipmenn

Product Name

Company Name

Credit 3

Froduct Cost

Brick (salvaged) Salvage Company $
Reclaimed Wood Salvage Company 5

Sub-total salvaged or rnusod 5

of total

d and reused

asap lag

33,700
130,000

163,700
5.68%

LEED-NC Version 2.1 Reference Guide
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Case Study

Philips Eco-Enterprise Center
Minneapalis, Minnesota

The Phillips Eco-Enterprise Center is a mixed-use building that
houses environmental and energy elficiency organizations, con-
sultants and manufaciurers, The building incorporates many
reused building marerials such as bricks, sinks, fire extinguisher
cabinets, furniture, doors and windows, In addivon, the struc-
tural members of the building consist of 189 reused steel joists
from a demolished warchouse.  Rewse of these joists saved an
estimated 50 tons of steel and 110 million BTUs of energy that
wou]d have been needed Fnr the buddlny design.  Finally, the
[ g was designed for d y i the futare. For example,
the fire exit stair tower was J.csigrwd 1o be disassembled, moved
and reassembled.  Also, the high-bay manufacturing space was
desigaed for conversion to rwo Hoors of office space if needed by
Future tenants.

Green Building Council

Chaner
The Green Instituie




Recycled Content

5% (post-consumer + 1/ post-industrial)

Intent

Increase demand for building products that incorporate recycled content materials,
therefore reducing impacts resulting from extraction and processing of new virgin
mazerials,

Requirements

Use materials with recycled content such char the sum of post-consumer recycled con-
tent plus one-half of the post-industrial content constitures at least 5% of the toral
value of the matesials in the project.

The value of the recycled content portion of a marerial or furnishing shall be derer-
minee by dividing the weight of recycled content in the irem by the total weight of all
material in the item, then mulriplying the resulting percentage by the roral value of the
ircrm,

Mechanical and elecerical components shall not be included in this calculation. Re-
cycled content materials shall be defined in accordance with the Federal Trade Com-
mission document, Guides for the Use af Fnvironmental Marketing Claims, 16 CFR
260.7 (&), available ar www.frc.govibep/grnrule/guides980427 hom.

P ial Technologies & Strategi
Establish a project goal for recycled content marerials and identify material suppliers
that can achieve this goal. During construction, ensure thar the specified recycled con-
tent materials are installed and quantify the rotal percentage of recycled content mare-
rials installed.

Submittals

O Provide the LEED Letcer Template, signed by the archireer, owner or other re-
sponsible party, declaring char the credit requirements have been mer and listing
the recycled content products used,  Include derails demonstrating that the
project incory the dp ge of recyeled conrent materials and prod-
ucts and showing their cost and percentage(s) of post-consumer and/or post-in-
dustrial content, and the total cost of all macerials for the project.

55 [WE] EAMEQ D

Credit 4.1

1 point
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Credit 4.2

1 point
in addition to
MR 4.1
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Recycled Content

10% (post-consumer + /3 post-industrial)

Intent

Increase demand for building products that incorporate/have incorporated recyeled
content marenials, therefore reducing the impacts resulting from extraction and pro-
cessing of new virgin materials.

Requirements

Use marerials with recycled content such thar the sum of post-consumer recycled con-

tent plus one-half of the post-industrial content constitutes at least 10% of the ol
value of the materials in the project.

The value of the recycled content portion of 4 material or furnishing shall be derer-
mined by dividing the weight of recycled content in the irem by the roral weight of all
material in the item, then multiplying the resulting percentage by the total value of the

item.

Mechanical and electrical components shall not be included in this calculation. Re-
cyeled conrent materials shall be defined in accordance with the Federal Trade Com-
mission document, Guides for the Use of Environmental Marketing Claims, 16 CFR
260, 7 (&), wvailable at www.frc.govibep/grarule/guides980427 hem.

Submittals

[ Provide the LEED Leeter Template, signed by the architeer, owner or other re-
sponsible party, declaring thar the credit requirements have been mee and listing
the recycled content products used. Include details demonstrating that the project
incorporates the required percentage of recycled content materials and products
and showing their cost and percentage(s) of post-consumer and/or post-industrial
content, and the toral cost of all marerials for the project.

y of Ref ed Standard
FTC Guides for the Use of Environmental Marketing Claims, 16 CFR 260.7 (e)
wwws fre.govibep/grmrule/guides980427 hem

According to the guide: “A recycled content claim may be made only for marerials chac
have been recovered or otherwise diverted from the solid waste stream, either during
the manufacturing process (pre-c ), orafter o use (post-C ). To
the extent the source of recyeled content includes pre-consumer magerial, the manu-
facturer or advert I iation for concluding that the pre-consumer
material would otherwise have entered the solid waste stream. In asserting a recycled
content claim, distincrions may be made b pre-c and post-c
marerials. Where such distincrions are asserted, any express or implied claim about the
specific pre-consumer or post-consumer content of a product or package must be sub-
stantiated.

must have




“le is deceptive to misrepresent, directly or by implication, that a product or package is
made of recycled marerial, whn:h includes recycled raw marterial, as well as used, recon-
ditioned and fa P Unqualified elaims of recyeled content may
be made if the entire praduct or package, excluding minor, incidental components, is
made from recyeled material. For producrs or packages thar are only partially made of
recycled marerial, a recyeled claim should be adequately qualified to avoid consumer
deception about the amaount, by weighr, of recycled content in the finished product or
package. Additionally, for products that contain used, reconditioned or remanufaciured
components, a recycled claim should be adequarely qualified to avoid consumer de-
ception about the nature of such components. No such qualification would be neces-
sary in cases where it would be clear to consumers from the context that a product’s
recyeled content consists of used, reconditioned or remanufactured components.”

See the FTC document for illustrative examples.

ss [welea [l e[

Credit 4.2
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Credit 4

Green Building Concerns

Recyeled content building producrs con-

tain feedstock materials recovered from
AR

Credit Synergies

MR Credit 5
| LocalfRegional

Materials

FO Credil 4
Low-Emitting Materials

LLS. Green Building Council
216

[s or Waste streams,
These products are beneficial to the envi-
ronment because they reduce vigin ma-
terial use and solid waste volumes. 'I‘hr_-

number of b

building marker continues wo grow, the
costs for these irems will become com-
petitive with standard products. This
LEED credit favors post-consumer re-
eycled content because there is greater
need and value in stimulating the post-
consumer recycling marker.  Some re-
cycled products may not be as widely

ilding products «

recycled content feedseocks contintes to
grow every year as wecyeling effors increase
and the marketplace for recycled materi-
als develops. Many commuonly used prod-
uets are now available with recyeled con-
tent. These products include metals, con-
crete,
ramic tile and insulaton. Most recycled
content products exhibic performance
similar g products containing virgin ma-
tesials and can be incorporated into build-
ing projects with case.

masonry, acoustic tile, carper, ce-

Environmental lssues

By selecting materials with recycled con-
tent, environmental impacts associated
with excracring, harvesting and manufac

g virgin materials are ofien reduced.

he solid waste stecam is .||su reduced by
diverting recyclable i s that would
otherwise be deposited in a landfill, with
associated impacts to land, water and air
also lessened. The toral environmental
benefies of material recyeling are gener-
ally less than thae of marerial reuse be-
cause of the environmental burdens asso-
ciated wirth recyclable marerials collection,
transport and processing into new prod-
ucts. Therefore, reuse of building maren-
als (MR Credivs 1 and 3] s prefered over
recycling when possible,

Economic lssues

Some recycled content products cost more
than equivalent virgin products due to the
expenses of research and design, innova-
tive manufacturing cquipment and new
plants to produce the products, as well as
the actual costs of the recycling process.
As demand for recyeled products in the

ilable as conventional products.

Design Approach
Strategies

Cansider the incorporation of recycled
content building materials in the early
stages of project design and identify re-
cycled content materials poals.  |dentify
the types of materials For which recyeled
alvernatives exist and then identify spe-
cilic produces,

Recyeled content materials are building
produces thae include components thae
have recyeled content and are processed
off-
processed for reuse on the site, such as
crushed brick, asphale and conerere, are
not defined as recycled content marerials
in this conrext. Instead, these marerialy
should be applied o MR Credic 3: Re-
source Reuse,

Marerials from the site thar are

Ensure thar recycled conrent marerials
perform equally or berter chan virgin

materials in terms of strength, mai
nance and lifetime, Maintain or refer tw
lists of manufacturers and supplicrs of
recycled content materials, and support
regionally produced recyeled content
products when possible 1o reduce the
added coses of transportation.

Incorporate products into the building de-
siggn that notonly have recycled content bur
are also recyclable. Remember o research
all reeycled conent marerials for durahil-
iy, performance and environmental con-
siderations.  For instance, if the recycled
conent product is not as durable, the ben-
fits to the environment may be compro-



mised. Also check recycled conrent mare-
rials for problematic air emissions, especially
with synthetic products such as plastic, rub-
ber and polyester.

During construction, ensure that the ac-
tual marerials installed are those that were
specified in the conrract documents.
Record the percentage of post-consumer
and post-industrial recycled content for
the LEED Letter Template calculations,

Synergies and Trade-Offs
Recyeled content produces should be

evaluated in terms of their | ial im-

Plumbing produces may be excluded. If
plumbing products are included, the Let-
ter Template’s default materials cost can
not be used (plumbing irems must be
added into the materials cost toral).

Post-consumer recycled content is con-
sumer waste that has become a raw mare-
rial {feedsrock) for another product. It
originates from products that have served
a useful purpose in the consumer mar-
ker, Much of this Feedstack comes from
resiclential curbside recycling programs for
aluminum, glss, plastic and paper. Other
f A | 1%

pacts on IAQ)L. In some cases, chemical
binders used in recycled content products
or processes contain off-gassing ingredi-
ents thar can have a negative impact on
IAQ. These off-gassing building prod-
ucts could affect conscruction workers as
well as building occupants over the life-
ime of the building,

It is often possible to specify recycled con-
eent building products thar are also manu-
factured and recovered locally, 1F this is the
case, recycled content marerials can also be
applied o MR Credit 5. Recycled content
magerials cannot be included in calculations
for MR Credins 1, 2, 3, 6and 7.

Calculations

The following caleulation methodology
is used to support the credit submittals
listed on che first page of this credit. To
calculate the percentage of recycled con-
tent materials used on a projecr, use the
spreadsheet in the LEED Letter Templare
o list all recycled content marerials and
products and their associated costs. For
cach product, identify the percentage of
post-consumer and/or post-indusrrial re-
cycled content by weight, and list the re-
cycled content information source.

Mechanical and elecrrical systems com-
ponents are not applicable o this credic
{e.g. HVAC equipment, ductwork, wir-
ing and lighting fixtures and concrols).

post-c is supplied by
busi that regycle @ tion and
demalition debris. Post-industrial recycled
content products are those that contain
waste from industrial processes char has
been traded through the markerplace. For
instance, a composite board manufacrurer
may purchase {or haul away for free) saw-
dust from a lumber mill or waste straw
from a whear farm. This definition does
not include in-house industrial serap or
trimmings, which are normally fed back
into the same manufacturing process,

Mot building products will only have one
type of recycled content, but a few prod-
ucts contain both post-consumer and
post-industrial recycled content. The Lee-
ter Template determines each product’s
recycled content values (post-consumer
and post-industrial) using Equation 1,
and caleulates the total recycled content
percentages using Equation 2. To deter-
mine point achievement, the spreadsheet
uses the best ane of two competing sce-
narios: post-consumer content value only,
or post-consumer plus half of the post-
industrial value.

In order w declare achicvement of this
credic within the Letter Templates, the
project team should compile cut sheers,
product licerature (hrochures) or ocher
documentation that clearly indicare
whether the matesial contains post-con-
sumer of post-industrial recycled maeeri-
als or both, and what percentages by

55 [we|EA]
Credit 4
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weight. If nothing clse is available, ob-

Credit 4

in an official statement from the prod-
uce manufacturer stating the recyeled con-

tent percentage by weight and if the re-
cyeled content is post-consumer or post-

refurbished materials are not considered
to contain recycled content, and these ma-
rerials should be applied to MR Credit 3:
Resource Reuse.

Table 1 presenes recycled content mare-

industrial. If there is no information for
stecl produces, assume thar recycled con-
tent is 23% post-consumer, Salvaged and

rials calculations for 4 sample project.
Material costs exclude installation costs
(g labor and equipment).  The ol

Table 1: Letier Template Spreatkhers Fxample for Beoyeled Content Matesials

Provide total construction cost

for 45% default total

st
Pravide total materials cost (exciude labor, equipment) S 2,875,744

Product name Preduct Cost % Post-

Industrial

%o Post-
Consumaer

Company

Recycled content
information solros

Conerele Concrete Company 8 22 500 100.00% 0.00%

Compost Compost Company 25,000 100.00% 0.00%

Rebar Rebar Mar gCo. 3§ 86,000 65.00% 0.00% letter from factory

Brick {new] Masonry Manufacturing Co. 28,500 0.00%  15.00% letter from factory

Misc. Metals various 178,000 60.00% 0.00% manufacturer’s inform.
Panels Wheatboard Co. 93,090 0.00%  25.00% culsheet

Metal Siding Siding Co. 38,000 25.00% 0.00%  product brochure

Matal Rmﬂgg Roofing Co. 35,000 B85.00% 0.00% Mu:l brochure

Ceramic Tile Tile Co. 11,396 95.00% 0.00%  product brochure

f tical Tile Ceiling System Co. 11,000 80.00% 0.00% cut sheet

Carpel Carpet Co. 50,000 40.00% 0.00% product brochure

Carpet Pad Carpet Co. £ 3,000 0.00% 100.00% cutsheet

Toilat Partitions Partition Co. 5 4,000 100.00% 0.00% product brochure

Product Cost Subtotal $ 586,486

Total value of post-consumer content  § 294776

Total value of post-consumer content as a percentage of a total value of all materials 10.24%

Total value of post ial content  § 30,548
Total value of post-industrial content as a percentage of total value of all materials 1.068%
Combined value of post and half of post-industrial content 5 310,050
[~ walue of post: content plus hall of pest-industrial content
as a percentage of total value of all materials 10.77%
Exqquation 1:
Recycled Content ] = Material or 5] x Recycled
Value ~ Product Cost Content %
Exquation 2:
Recycled Content (%] = Recycled Content Value [§]
Rate " Total Materials Cost [$]
Euuation 3
A bly Recycled _ Material Weight [Ibs] x Recycled Content [%]

Total Weight [Ibs]
5. Green Building Council
218



materials cost figure may be derived from
a defaulr caleulation (45% of total con-
struction cost) or a tally of actual mare-
rial costs, The sample project has chosen
the latter. “Company” refers to the manu-
facturer or a manufacturer’s representa-
tive. For each recycled content producr,
the percentage of post-consumer or post-
industrial content by weigh is noted.
Then the recycled content value in dol-
lars is caleulared using Equation 1. In
the example, rebar costs $86,000 and
coneains 65% post-consumer recycled
content. This is equal to a recycled con-
tent dollar value of $55,900 ($86,000 x
65%) New bricks cost $28,500, con-
ain 15% post-industrial content, and
have a recycled conten dollar value of
$4275 ($28,500 x 15%)

As product data is entered, che spread-
sheet sums cach of the rorals and uses
Equation 2 to calculate the percentages
necessary for amalysis and point assess-
ment: post-consumer content value, post-
industrial content value, and post-con-
sumer content plus half of the post-in-
dustrial content. For this ple, the

Table 2 illustrates an assembly caleula-
tion for concrete containing 100% post-
industrial fly ash. Fly ash consri 98

Credit 4

pounds in one wn of the example con-
crete mix. This results in an overall re-
cycled content percentage of the concrete
mix of 5% by weight.

Resources

Web Sites
CIWMB Recycled Content Product Da-
tabase

wwwcwmb.cagov/mep, (916) 3416606

A searchable dacabase for recycled con-
tent products, developed by the Califor-
mnia Inregrated Waste Management Board.
Government Resources

Check with the solid waste and natral re-
sources departments in your city or counry.
Many local governments provide informa-
tion on recyclers and recycled content prod-
uet manufacturers within eheir region.

GreenSpec

toral value of post-consumer recyeled con-
tent plus half of the post-industrial con-
tent is 10.77% of the total marerials cost
and carns two points under this credit.

For assemblies, the assembly recycled con-
tent should be caleulated. Use Equation 3
to determine the assembly recycled content.

Table 2: Recycled Content Assembsly Example

Concrete Components Weight

[Ibs]

www.greenspee.com, (802) 257-7300

Derailed listings for more than 1,500
green building products, including envi-
ronmental data, manufacturer informa-
tion and links ro additional resources.

Recycled Content

Percentage by

Weight

%]

Water 160 = 8%
Cement 306 — 15%
Fly Ash 98 100% 5%
Coarse Aggregate 205 - 45%
Aggregate 541 - 27%

TOTAL 2,000 100%

LEED-NCVersion 2,1 Reference Guide
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Guide to Resource-Efficient Building El-

ements

Credit 4

www.crbr.org, (406) 549-7678

The Center for Resourceful Building
Technology's directory of environmenrally
responsible building products. This re-
source provides introductory discussions
per topic and contact information for
specific products.

Oikos

oikos.com

A searchable direcrory of resource-cffi-
cient building products and sustainable
design educational resources,

U.S. EPA Comprehensive Procurement
Guidelines Program
www.epa.govi/cpg/products hem
Coneains EPA information on recycled
content materials with guidelines for re-
cycled percentages. Includes a searchable
darabase of suppliers.

Case Study

Greater Pittsburgh Community Food Bank
Pittsburgh, Pennsylvania

The Greater Pittsburgh Community Food Bank is a LEED™ Sil-
ver Pilot Project serving local food banks in ‘Western Pennsylvania.
The building houses distribution, warchouse and processing facili-
ties and is designed w wrilize site resources and be a positive
workspace for building occupants. The building contains a sub-
stantial amount of recycled content building materials. These ma-
terials were required in specifications and included the following:
reinforcing steel, structural steel, metal framing, ceramic tile floor-
ing, sheet flooring, asphalt paving, gypsum wallboard, ceiling grid
and tiles, and toiler particions. In addition, a low-permeability,
cementitions (LPC) marerial was used as structural fill, which con-
sisted of 95% industrial waste products such as fly ash, lime and
flue gas desulfurization material.

us.

220

Green Building Council

Definitions

Post-Consumer recycled content is con-
sumer waste that has become a raw mate-
rial (feedstock) for another product. e
originares from products that have served
a useful purpose in the consumer mar-
ker. Much of this feedstock comes from
residential and commercial {office) recy-
cling programs for aluminum, glass, plas-
tic and paper. Other post-consumer feed-
stock 15 supplied by businesses thar recycle
construction and demolition debris.
Post-Industrial recycled content is ourpur
from a process that has not been used as
part of a consumer product, that is sold,
traded, or exchanged under commercial
terms (including audirable rransactions be-
rween profit centers within an organization)
as feedstock for another industrial process,
and thar would ocherwise be landfilled, in-
cinerarted or somehow disposed of s a waste,
a5 defined by the Federal Trade Commis-
sion. For instance, a compuosite board
manufacrurer may purchase {or haul away
for free) suwdust from a lumber mill or waste
straw from a wheat farm. Wood chips
would not fie this definition.

Conarsosy uf Cardv = fape Archin s

Owner

Greater Pitlshurgh Community Food Bank



Regional Materials
20% Manufactured Regionally

Intent

Increase demand for building materials and products thar are exeracred and manufac-

(I.Ir\.d within tht. region, thereby supporting the n:g:oml economy and reducing the
| impacts resulting from I

Requirements

Use a mini of 20% of building ials and products that are manufactured*
regionally within a radius of 500 miles.

* Manufacturing refers to the final assembly of components intn the bailding producr that is fusnished
and installed by the tradesmen. For example; if the hardware cormes from Diallas, Tesas, e Jumber from
Vancouver, British Columbin, and the joist i assembled in Kent, Washingron; then the location of the
final assembly is Kene. Washingron,

Submittals

3 Provide the LEED Letrer Templare, signed by the archireer or responsible party,
declaring that the credir requirements have been met. Include calcularions dem-
onstraring that the project incorporates the required percentage of regional mare-
rials/products and showing their cost, percentage of regional components, dis-
tance from project o manufacrurer, and the toral cost of all marerials for the project.
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Credit 5.1

1 point
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1 point
in addition to
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Regional Materials
50% Extracted Regionally

Intent

Increase demand for building materials and produces that are exeracted and manufic-
tured within the region, thereby supporting the regional economy and reducing the
environmental impacts resulting from rransportation,

Requirements

Of the regionally manufacoured materials documented for MR Credit 5.1, use a mini-
i of 50% of building marerials and products char are exracted, harvested or recov-
ered (as well as manufactured) within 500 miles of the project site.

Submittals

A Provide the LEED Lerrer Template, signed by the archirect or responsible party,
declaring that the eredit requirements have been met. Include

ations dem-
anstrating that the project incorporates the required percentage of regional mare-
rials/produces and showing their cost, percentage of regional components, dis-
e from project i manufacturer, and the ol cost of all materials for the project.

5 y of Ref ed Standard

There is no standard referenced for this credic,



Green Building Concerns

By purchasing regionally manufactured
building materials, the local economy is
supported, transportation costs and en-
vironmental impaces are reduced, and
dollars are remined in the region, support-
ing the regional sconomy. The availabil-
ity of Iy factured buildi

materials is dcpcnd«:nt on the project ]G—
cation. In some areas, the majoricy of
products needed for the project can be
obrained within a 500-mile radius. In
other areas, only a small portion or none
of the building materials can be sourced
locally. Itisalso important to address ihc

cal climate when compared with mareri-
als from ocher regions, The use of regional
building materials supports the regional
economy, helping to strengthen the local
community and contribure 1w a high qual-
ity of life.

Design Approach

Strategies

Cansider the incorporation of regional
building marcrials carly in the schematic
design phase. Research regionally sourced
and manufactured building materials for

dllmblllt} pﬂfurm:na: and other envi-
I consi ions., Create and

souree of raw marerials used ro -
ture building producrs, Raw materials for
some building products are hirvested or
extracted far from the point of manufac-
ture, creating air and warer pollution due
1o transportation between poinr of exrrac-
tion and point of manufacture.

Environmental Issues

The use of regional building materials
reduces transportation activities and the
accompanying pollution required o de-
liver the marerials ro the job sire. Trucks,
trains, ships and other vehicles deplere
finite reserves of fossil fuels and generare

air pollution. By selecring building ma-

maintain a currene listing of regional
manufacturers for future reference. Once
the research of building macerials is com-
plered, specify appropriate regionally
sourced and manufaceured building ma-
terials in the contract documents,

Synergies & Trade-Offs

The location of the project site has a large
effece on the availability of regionally
sourced materials, Remore sites often re-
quire construction materials to be trans-
ported from great distances. In areas that
have regional manuficruring facilicies, it
is advaneageous to consider marerials that

terials that are produced from n:glona|
materials, transportation impacts are fur-
ther reduced.

Economic lssues

Regional building materials are more cost-
effective for projects due o reduced ans-
pertation costs, Also, the support of re-
gional manufacrurers and labor forces re-
tains capiral for community members and
creates 4 more stable tax basc and a
healthier local economy.

Community Issues

Regional building materials are often con-
sistent with regional design acsthetics and
are sometimes more responsive to the lo-

are salvaged, that contain recyeled con-
tent, that are rapidly renewable, and for
wood products, those thar are FSC-certi-
fied. Regional material dollar values ean
be applied ro MR Credits 3, 4, 6 and 7
for those materials thar meet the require-
ments of those credits. When choosing
regional marerials, it is also important ro
address volatile organic compounds
(VOCs) and wrea formaldehyde content
as these can affect indoor air qualiry.

Calculations
The following caleulation methodology
is used to support the credit submiteals

listed on the first page of this credic. To
caleulate the percentage of regional ma-

ESIOEY -« [

Credit 5

Credit Synergies

55 Credit 1

Site Selection

MR Credit 3
Rusource Reuse
MR Credit 4
Recycled Content
MR Credit &
Rapidly Renewable
Materials

MR Credit 7
Centified Wood

EC) Credit 4
Lonw-Emitting Materials
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Credit 5

terials used on a project, it is helpful o
use the LEED Lerter Template in addi-
tion to creating @ spreadsheet listing all
materials used on the project and their
associated costs. This spreadsheet can also
be used for MR Credits 3, 4, 6 and 7.
Identify these produces that were manu-
facrured within 500 miles of the project
site. The Letver Templae sums all region-
ally manufactured product coses, and di-
vides this value by the total materials cost
o obtain the regionally manufacrured
product percentage (see Equation 1),
Mext, identify those regionally manufac-
tured products that coneain materials ex-
rracted, harvested or recavered within 500
miles of the projeet site. The Letter Tem-
plare sums all regionally extracted mate-
rials costs and divides this value by the
regionally manufactured products cost to
obtain the regionally extracted marerials
percentage (sec Equarion 2).

The Lerter Template spreadsheet in Table
1 presents regional materials calculations
for a sample project. Note thar material
costs exclude installation le.g.,

both manufactured and recovered within
a shorr distance of the project and the
material cost for compost is included in
boch totals.  Rebar is manufacrured
within 500 miles of the project site, but
the raw materials originat: from locations
grearer than 500 miles from the project.
Therefare, the material cost for rebar is
anly included in the regionally manufac-
tured producrs tally.

The toeal regionally manufaceured mare-
rials cost is divided by the toral marerials
cost to obrain a regionally manufactured
percentage of 22%. The toral regionally
exrracted maserials value is divided into
the total of regionally manufacrured ma-
eerials dollar value w obrain the region-
ally extracred marerials percentage of
55%. This cxample qualifies for two
points under this credie.

Ifaudired during the LEED certification
review: the location of materials manu-
facture and extraction, harvesting, or re-
covery must be verified by a product cuc

sheet, product lirerarure or letrer from the
H

labor and equipment), and “company” re-
fers to the manufacrurer or a
manufacturer’s representative. The toral
materials cost figure may be derived from
a default calculation (45% of total con-
struction cost) or a tally of actual mare-
rial costs. The sample project has chosen
the former,

The spreadsheet will add product costs
to the “manufactured” and “extracted”
totals depending on the distances data
that is entered. For instance, compost is

TUrEr.

For assemblies, or when there are mul-
tiple sources for the same marerial (c.g.,
sabvaged goods), use the following guid-
ance. Ifall material sources are within 500
miles, use one line item in the tble and
state the greatest distance of the group.
Orherwise, calculare the percentages of
gionally and gionall 1
marcnials by weight (as detailed in MR
Credit 4) and enter as two ling irems. In
Table 1, see “wallboard” for an example.

Exquation 1:
Regionally Manufactured e = i y Manuf: d Products Cost [§]
Products Rate a Tatal Materials Cost [§]
Equation 2
Regionally E Extracted Materials Cost [§]

Materials Rate ™" = Regionally Manufactured Products Cost[5]



Resources 55 jWE mmsq D

Check with your local chamber of com- Credit 5
merce and regional and stare economic

level agencies for building mare-

siale manuaceiers is yOUr are.

Table 1- Letter Template Spreadsheet Example for Regional Materials

Provide total construction cost

Product name Company Product Cost Distanca Distance Reglonal content

batween between Information source
project & project &
manufacturer extraction site
{in miles) {in miles)
Reclaimed Concrete Conerete Company o 31 Letter from manulacturer
Planting Nursery Company - Cut shesat

Compost Composi Co = 40 Cut sheat

Rebar Supply Co. a7 544 Leter from manufacturer
Brick (sava Salvage Co. 39

Brick {new) Masonry Ca. 216

Misc. Metals varous 439

Reclaimed Wood Sal

Millwork Miltwork Co. 31 §

Struct. ted Panels  SIP Co. 500 497 Letter from manufacturer
Wallboard (gypsum) _ Wallboard Co. 294 566 Product literatu
Wallboard Ta Wallboard Co, 294 268 Ledter from manutacturer
Tolet Parlitions Partition Co. 4,000 k1] 427 Lelter from

Product Cost Sublotal § 650,096
__Total valut ue of regionally manufactured products
Totnl value of ewactcd products

Value of regi ials as a p ge of regionall

LEED-MC Version 2.1 Reference Guide
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Credit 5
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Case Study

Monsanto Company Life Sciences Incubator
51 Louis, Missouri

The Monsanto Company Life Sciences Incubator building is a
LEED™ Silver Pilor Project housing research fcilivies commir-
ted to finding solutions w growing global needs for food and
health, The desipgn weam specified regionally manufaceured and
sourced materials in the building where possible. Regional mate-
rials included cast-in-place and structural conerere, brick, strue-
tural and omamiental steel, strucural and non-structural lumber,
synchetic marble countervops, casework and millwork, insulation,
door systems, pypsum wallboard, tck panels, signage, blinds, and
woilet partiions. Ohverall, almost two-thirds of the materials for
the project were sourced within 500 miles of the project sire.

Green Building Council =
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Rapidly Renewable Materials Credit 6

Intent 1 point

Reduee the use and depletion of finite raw marerials and long-cycle renewable materi-
als by replacing them with rapidly renewable materials.

Requirements

Use rapidly renewable building marerials and products (made from planes thar are
ypically harvested within a ten-year cycle or shorter} for 5% of the roral value of all
building materials and produces used in the project.

Submittals

2 Provide the LEED Letter Template, signed by the archicect or responsible pargy,
declaring that the credit requirements have been mer, Include calculations dem-
onstrating thart the project incorporates the required percentage of rapidly rencw-
able producs. Show their cost and percentage of rapidly renewable components,
and the total cost of all maserials for the project.

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

LEED-NC Version 2.1 Reference Guide
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Credit 6

Credit Synergies

MR Credit 5
Local/Regional
Materiale

MR Credit 7

Certified Woud

EQ) Credit 4
Low-Emitting Materials
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Green Building Concerns

Many « ional buildi |
require large inputs of land, munra] re-
sources, capital and mm: Converscly
rapld|)-' bl £ y re-

Bio-based plastics (c.g., from corn starch)
and other rapidly renewable resources are

beginning to provide al 0 some
perm]eum based plastics.

Ec ic Issues

quire less of these mputs and are there
fore likely to be more environmentally
friendly. Rapidly renewable resources are
those marerials that substantially replen-
ish themselves faster than traditional ex-
traction demand (ie., planted and har-
vested in less than a 10-year cycle). Ex-

ples of such building fals include

Because rapidly renewable resources may
be harvested more quickly, they require
less land vo produce the same quantity of
material, which equates to lower land
costs. Rapidly renewable materials tend
to give a faster payback on invesrment for
manufaceurers. Some rapidly renewable

{but are not limited ra) the marterials listed
in Table 1.

Environmental Issues

Rapidly pro-

vide the opporunity to displace raw mate-

ials are new to the marketplace and
are subsequently more expensive than
their conventional counterparts. As de-
mand for rapidly renewable marerials in-
creases, they will become more cost-com-
petitive with conventional materials,

rials thar have grearer | im-
pacts. Common examples include compeos-
ite pancls that are made from agriculrural
fiber such as wheat, substituting for com-
posite wood panels. Irresponsible forestry
pracrices cause ecosystem and habitar de-
struction, soil erosion, and stream sedimen-
tation. Rapidly renewable crops require sig-
nificantly less land—ofien due 1o higher
density and shorter growing eycles—to pro-
duce the same amount of end product, and
are often by-products that are otherwise
considered waste.

Table 1: Rapidly Renewable Materials

Examples of Rapidly Renewable
Materials.

Bamboo flocring

Cotton batt insulation

Lingleum fiooring

Sunflower sead board

Whealgrass cabinetry

Wonl carpet

Equation 1:

Rapidly Renewable

Material Porion 172 =

Ci ity Issues
The land saved from the production re-
i of rapidly b

may be used for a variety of other uses,
including open space and other agricul-
rural produces. Rapidly renewable mare-
rials create a more consistent harvesting
cyele that can sustain a community in-
stead of clearcutting and then abandon-
ing the forest, as well as the warkers, for
decades.

Design Approach

Strategies

Research rapidly renewable materials for

flooring, cabinetry, wood products and

other project applications. Specily these
Is in conerace d and cre-

ate a current list of rapidly renewable

products for future reference.

Rapidly Renewable Material Cost [$]

Total Materials Cost [3]



Synergies and Trade-Offs
Because many produces made from rap-

able. Sum all rapidly renewable marerial
costs and divide this value by the ol

idly ble resour latively new,
cheir long-term performance characteris-

ial to obtain the rapidly renew-
able marerial percentage (see Equation 1).
For blies, calculate the percentage

tics may be unk . For ple, the
performance and stability of bamhoo
fooring has improved in recent years
through the use of laminared layers of the
marerial. Therefore it is important to
evaluare a product’s performance history
prior to specifying.

Rapidly renewable marerials costs can also
be applied o MR Credits 5 and 7 if the
materials meet the credic requirements.
Some products made from rapidly renew-
able materials contain adhesives thar may
aff-gas contaminants and have a negative
impact on indoor air qualicy.

Calculations

The following caleulation methodology
is used o support the credit submirrals
listed on the first page of this credit. To
caleulare the percentage of rapidly renew-
able materials used on a project, it is help-
ful ro use the LEED Lercer Templare in
addition o creating a spreadsheet listing
all materials used on the project and their
associated costs. Identify those products
that are considered to be rapidly renew-

of rapidly renewable marerials by weight
{as detailed in MR Credic 4).

Table 2 presents rapidly renewable mare-
rials calculations for a sample project, The
total macerials cost figure may be derived
from a default calcularion {45% of toral
conseruction cost) or a tally of actual
material costs, The sample project has
chosen the former. Marerial costs exclude
installarion expenses (e.g., labor and
equipment), “Company” refers o the

facturer or 2 [

turer’s repre-
sentative. The costs for these marterials
are toraled and divided by the toral mare-
rial cost to obrain the rapidly renewable
marerial percentage of 7%, which quali-
fies for one poine under this eredir,

I audired during the LEED certification
review, cur sheets, product lirerarure or a
lerter from the manufacturer must be sub-
mitted 1o confirm thar the reporred ma-
rerials ane manufacrured with rapidly re-
newable resources.

Table 2: Letter Template Spreadshect Example for Rapidly Rencwabbe Materials,

Total construction cost

Comparmy

55 |WE EAHHEQ 1D

Credit 6

Rapidly renewable
£ contant information
Product Cost Renewable source

Miscellaneous finish carpentry Milling Company 21380  100% Letier
Wheatboard panals Wheatboard Company M 100% Product literature
Lincbeumn Lingleum Company 100% Cut sheet
Bamboo flooring Flearing Company ?0.345 100% Cut sheet
Product Cost Subtotal § 208,315
Total value of rapidly mwm s 203,315
Rapidly building asa ge of total 7.06%

LEED-MC Version 2.1 Reference Guide
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Environmental Building News

www.buildinggreen.com/products!
bamboo.heml, (802) 257-7300

Anarticle in Envivonmental Butlding News
on bamboo flooring, including a listing
of bamboo flooring suppliers.
Environmental Design + Construction
www.edemag.com (search for Highlights
aof Environmental Flooring)

An Envivemmental Design ¢ Construction
article providing information on bamboa
flooring, linoleum and wool carpering.

GreenSpec

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

Case Study

The Solar Living Center
Hopland, California

The Solar Living Center is a retail facility, learning center and
demonstration building for the Real Goods Trading Center. The
materials selection process emphasized those macerials that were
high in recycled content and low in embodied energy. Two rap-
idly renewable materials were chasen based on these crigeria: seraw-
bale walls and pressed scrawboard. The north and west walls of
the building were construcred with straw-bales. a local agricul-
tueal waste product that is routinely burned. The exterior and
interior wall surfaces are covered with 4 cement and soil combi-
nation to protect the straw from moisture and to provide strue-
tural rigidity. The straw-bale walls have thermal insulating ben-
efits as well as excellent sound insulation characreristics. In addi-
tion, pressed board panels were installed between structural
elements to serve as a sound absorber, insulator and radiant bar-
rier,

Green Building Council

Guide to Resource-Efficient Building El-
ements

www.crbr.org, (406) 549-7678

The Center for Resourceful Building
Technology's directory of environmentally
tesponsible building products. This re-
source provides introducrory discussions
per tapic and contact information for
specific products.

Oikos

oikos.com

A scarchable directory of resource-effi-
cient building products and suseainable
design educational resources.

Cruttesy of Koal Gouh Trechay Gorpozstion
Crwener
Real Goods Trading Corporation




Certified Wood |

Intent

Encourage envi I ible forest

Requirements

Use a minimum of 50% of wood-based materials and products, certified in accordance
with the Forest Stewardship Council’s Principles and Criteria, for wood building com-
ponents including, bur nor limited to, sructural framing and general dimensional
framing, flooting, finishes, furnishings, and ted y construction appli-
cations such as bracing, concrete form work and pu!uunan burriers.

Submittals

3 Provide the LEED Lerer Template, signed by the architect, owner or responsible
party, declaring that the eredit requirements have been mer and listing the FSC-
certified marerials and products used. Include calculations demonstrating thar the
project incorporates the required percentage of FSC-certified marerials/produces
and their cost together with the rotal cost of all materials for the project. For each
material/product used ro meet these requirements, provide the vendor’s or

facturer's Forest S Iship Council chain-of-custody certificate number,

Summary of Referenced Standard

Forest § dship Council’s Principles and Criteria

www.ficus.org, (877} 372-5646

Certification is a “seal of app o forest who adopt envi
mentally and socially responsible forest management pracrices, and to companies thar
manuficeure and sell products made from certified wood. This scal enables consum-
ers, including archirects and specifiers, to identify and procure wood products from
well-managed sources and therchy use their purchasing power o influence and reward
improved forest management activities around the world.

™ |

LE.I:.D :lcctpts certification ding to the comprehensive system established by the
i Forest Ste

g Iship Council (FSC), FSC was cnﬂtcd in
1993 to csmbllsh international forest mnnagmnent standards (known as the FSC Prin-
ciples and Criteria) 1 assure that forestry practices are environmentally responsible,
socially beneficial and economically viable, These Principles and Crireria have been
established o ensure the long-term health and productivity of forests for timber pro-
duction, wildlife habitar, clean air and water supplies, climare stbilization, spiricual
renewal, and social benefit, such as lasting community employment derived from stable
farestry operations. These global Principles and Criteria are tanslated into meaning-
ful standards ar a local level through region-specific standards serting processes.

|

Credit 7

1 point

= - — LEED-NC Viersion 2.1 Reference Guicdi:
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Credit 7

FSC also aceredits and monitors certification organizations. These “certifiers” are in-
dependent, third-party auditors that are qualified o annually evaluate compliance with
FSC fards on the ground and to award certifications. There are two types of

LLS. Green Building Couneil
232

certification.

o Forest Management Certification is awarded to responsible forest managers after
their operations successfully complete audits of forestry practices and plans.

® Chain of Custady Certification is awarded after companies thar process, manu-
facture and/or sell products made of certified wood successfully complete audits so
ensure proper use of the FSC name and logo, segregation of certified and non-
certified marerials in facturing and distrit systems, and observation of
ather relevant FSC rules (e.g., meeting minimum requitements for FSC fiber con-
tent in assembled and composite wood producrs).

The majority of FSC certification audits performed in Norch America are conducred
by SmartWood and Scienrific Certification Systems (SCS), which are based in the
Unired States. A more limited number are performed by SGS, which is based in Eu-

o



Green Building Concerns

Wood has the potential to be a
truly sustainable resource because
it is renewable, biodegradable,
non-roxic, energy efficient and
recyclable. Too often, however,
wood is linked to the degradation
or destruction of ecologically
important forest ecosystems, such
a5 old-growth forests. Thus, re-
sponsible forestry pracrices aim to
minimize or eliminate these prob-
lems. Responsible forestry meets
the long-term forest product needs
of h while maintaining the

their growing economies encourage do-

ss [we[ea [l eQ 10

mestic prion, the p ion of
forests will become a crirical issue.
Currently, the costs of FSC-cerrified wood
products are equal to or higher than con-
ventional wood products, and availabiliey
wvaries by region. The price of FSC-certi-
fed wood products is expected o be more
competitive with conventional wood prod-
ucts in future years as the world's forest re-
sources are deplered and the forest indus-
try embraces more widespread adoption of
sustainable business principles.

Community Issues

function and biodiversity of for-
ested landscapes. The primary goal
is to restore, enhance and sustain a
full range of forest values while
producing a perperual yield of
quality forest products.

Environmental Issues
The negative environmental impacts of ir-
responsible forest practices can include de-
struction of forests, loss of wildlife habitar,
soil erasion and stream sedimentation, wa-
ter and air pollution, and waste g i
The FSC standard incorporates many cri-
teria that contribute ro the long-term health
and integrity of forest ccosystems, From an
2 | il oF
responsible FSC-certified forestry include
sustainable rimber harvesting {i.c., not re-
maving mare timber volume than replaces
itselF over the cucring interval or rotation),
preserving wildlife habirar and biodiversity,
maintaining soil and warer quality, mini-
mizing the use of harmful chemicals, and
conserving high conservation value forests
{e.g., endangered and old-growth forests).

Economic Issues

World trade in forest produces has in-
creased dramatically in the last 30 years,
from $47 billion in 1970 to $139 billion
in 1998. As more developing countries
embrace world forest product markets and

Irresponsible lopging pracrices can have
negartive social impacts. Thus, the socio-
economic and political components to
F5C certification include respecting in-
digenous people’s rights, adhering to all
applicable laws and treaties, and involy-
ing forest workers and forest-dependent
communitics as stakeholders in, and ben-
eficiaries of, responsible forest manage-
ment. Through the encouragement of
responsible forest practices, local imber
i seraresiabileiand forastlind s
preserved for future generations.

Design Approach

Strategies

Establish a project goal in which ar least
509 of the dollar value of wood-based
materials shall be FSC certified. Identify
all major areas of wood usage in your
project to determine the types of prod-
ucts needed (e.g., wooden doors and win-
dows, interior millwork and casework,
framing lumber, trim and strucrural pan-
els, form ply and bracing, etc.).

Using the contacts and materials listed in
the Resources secrion below, research the
availability of the wood species and prod-
ucts that you wish to use to ensure that
they are available from FSC-cerrified
sources.

Credit 7

| Credit Synergies

MR Credil 5
LocalRegional
Materials

MR Credit &
Rapidly Renewable
Materials

EQ Credit 4

Low-Emitting Malerials

LEED-NC Version 2.1 Reference Guide
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Research and specify qualiey grades that

ploy a line-item serategy based on current

are most readily available from well

aged Forests. Using lower grades of wood
can dramavically reduce pressure on for-
ests, which produce only limited quanti-
ties of top-grade timber (e.g., Architec-
rural Woodwork Insunute [AW]] Grades
2 or 3 for lumber or vencer rather than
Grade 1, Select & Better rather than First
And Second [FAS] for hardwood lumber
graded 1o Mational Hardwood Lumber
Association [NHLA] rules, or 2 and Ber-
ter racher than Seleer Srructural for sofi-
wood lumber graded to Western Wood
Product Assaciation [WWPA] rules). As
an example, the typical yield of FAS-grade
lumber in a deciduous forest is 5% - 20%
of all hardwood lumber cut depending on
many variables, Le. thickness, length, ete.
In scrucrural applications, specify the low-
est grade that will meet the project’s per-
formance and enginecring requirements.
In interior finishes and other exposed sur-
faces, consider specifying “character”
grades char highlight the uniqueness of
wood as a natural marerial.

At the earliest possible opportunicy, make
contact with, and develop for your bid-
ders, a list of local vendors, suppliers and
manufaceurers thar are certified for FSC
chain-of-custody. Alse, encourage project
bidders to conracr certified vendors as
carly as possible ro establish product avail-
ability and pricing, As the availability of
cerrain certified wood products may vary
aver the life of a project, consider having
the owner pre-purchase, store and supply
particular items to the contractor (*Fur-
nished by the Owner, Installed by the
Contractor,” or FOIC).

Speaty in contract documents thar wood
products shall come from forests thar are
certified as well-managed according to the
rules of the FSC. Wherever passible, em-

Equation 1:

Certified Wood

ilability of specific producs racher than
a blanker approach. As evidence of compli-
ance with your specification and o docu-
ment your use of certified wood for LEED,
require that project contractors and subcon-
tractors submit vendor (supplier) invoices
conmining vendor’s chain-of-custody cer-
tification numbersand idenrifying each cer-
tified product on a line-item basis.

Synergies and Trade-Offs

Some FSC-certified wood products may
not be locally available. Certified wood
products can be applied to MR Credits 5
and 6 if these products comply with re-
quirements for those credits. Like their
nan-certified counterparts, some FSC-
certified products contain adhesives and
chemicals that have off-gassing characrer-
istics that may affear indoor air quality,
and may conflict with eligibility for IEQ
Credir 4.4 {urea formaldehyde)

Calculations

The fallowing caleulation methodology
is used to support the credic submirtals
listed on the first page of this credir. To
caleulare the percentage of certified wood
products used on a project, use the spread-
sheer in the LEED Letter Template lise-
ing all materials used on che project and
their associared costs.  First, identify all
wood-based marerials and producr costs
on the project, not including installation
expenses (¢, labor and equipment). Ex-
clude salvaged and refurbished materials
as well as the value of the post-consumer
recyeled wood fiber portion of any prod-
uct. These exclusions ensure thae appli-
cants seeking the certified wood eredir are
not penalized for using non-virgin wood.

For assemblies, calculare cost percentage
of the FSC-certified wood versus the ro-

FSC Certified Wood Products Cost [§]

Material Portion () = Tora New Wood Based Products Cost [5]



tal marerial cost for the product, then
muldiply thar percentage by the raral
product price to ger the cost value of the
certified wood portion (to evenly distrib-
ute labor and ether production costs), If
the product itself has been FSC-certified.
then the entire cost of the product is w
be used.

The Letter Templare calculares the roral
marerials value of the wood-based prod-
ucts.  Nexr, identify percentages (by
weight, as demiled in MR Ceedit 4) of
thase wood-based products thatare FSC-
certified. All FSC-certified wood mate-
rial costs are summed and then divided
by the toral value of wood-based prod-
ucts to obrain the certified wood prod-
ucts percentage (see Equation 1),

The example in Table 1 presents certi-
fied wood calculations for a sample
project. The total marerials cost figure
may be derived from a defaulr calculation
(45% of toral construction cost) or a wally

of actual material costs. The sample
project has chosen the former. Marerial
costs exclude installation costs (eg.. labor
and equipment). This example qualifies
for one point under this credit because
more than 50% of new wood-based prod-
ucts are FSC-certified.

Keep copies of vendor invoices for each
product used to meet these requirements
in case of a LEED cerrification audir., Per
Farest Stewardship Council rules, each
invoice should include the vendor's chain-
of-custody certificare number and should
also identify certified produces on an item-
by-item basis. A “vendor” is defined as a
company that fiirnishes wood produces o
project concractors of subcontractors for
on-site installation. For example, a com-
pany that manufaceures but does not in-
saall interior casework would be consid-
ered a vendor for the purposes of this defi-
nition, but an architectural woodworker
that fabricates and installs interior case-

Table 1: Letter Template Spreadshest Example for Certified Wood

Provide total construction cost
for 45% defaul
Provide total m

Total co
Cost of Woo:

ood-based produs
d products as

Credit 7

Forest Stewardship
Council chain-

Certified custody certi
Wood product Vendor Product Cost  Wood numbar
Rough carpentry Supply Company 46% SW—ODC—O_‘I:;
Millwark, casewark Supply Company 7% SCE-COC-00067
Miscellaneous various ; va
Roof Supply Company 175,309 89%  SCS-COC-00084
Doors, frames Supply Company 141,100 T0% SW-COC-675
F nl!h Mﬁ_ elevator interior Supply Comy 5,469 55% SCS-COC-00067
Office Furniture Company E 73,775 71%  SCS-COC-00122
\kasmons Office Furniture Company  § 35,764 B1% SCS-COC-00122
Product Cost Subtotal § 709,026

Value of FSC. ifi

as a pi

Total value of FSC-certified wood products 3 494,914
ge of the value of all wood-based

69.80%

LEED-NC Version 2.1 Reference Guide
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work on a custom, project-by-project ba-
sis would not. In the case of the wood-
worker, the vendor would be the company
thart supplies his or her raw materials, such

as vencer, plywood and lumber.

Resources

Web Sites

Certified Wood & Paper Association
www.cwpiLinfo, (503) 224-2205

A nonprofic business association that pro-
motes environmenzally and socially respon-
sible forest products, it provides a free ser-
vice to help architects who seek to specify
FSC-certified wood, research product avail-
ability and identify potential vendors.
Forest Certification Resource Center
www.certifiedwood.org, (303) 224-2205

Contains a searchable darabase of FSC

Scientific Certification Systems
www.scs L.com/forestry.sheml, (802) 434-
5491

Scientific Cerrification System’s Forest
Conservation Program is a third-parey
certifier that is accredired to conduer for-
est management and chain-of-custody
audits in the United States and interna-
rionally according to the rules of the FSC.
Smartwood

www.smartwood, org, (802) 434-5491
SmartWood is a third-party certifier thar
is accredited to conduct forest manage-
ment and chain-of-custody audirs in the
Unired States and globally according 1o
the rules of the FSC. It is a nonprofit
program of the Rainforesc Alliance and is
based in the Uniced States.

Print Media

< |

products and a variety of resources, in-
cluding comparaive information on for-
est certification syseems.

Forest Stewardship Couneil
www.ficus.org, (877) 372-5646

The FSC promortes responsible forest
management globally by certifying forest
products that meet the rigorous forest
" lard. The org; i
brings industry, environmentalists, and
community groups together to promote
pracrical solutions that meet s diverse
stakeholders’ necds. The organization was
founded in 1993 by environmenral
groups, the timber industry, foresters, in-
lig peoples and ¢ ity groups
from 25 countries.

GreenSpec
www.greenspec.com, (802) 257-7300

Derailed listings for more than 1,500
green building products, including envi-
ronmental data, manufacturer informa-
tion and links to additional resources.

Forestry: Philesophy; Sci-
ence, and Economics by Chris Maser,
CRC Press, 1994,

The Business of Sustainable Forestry:
Strategies for an Industry in Transition
by Michael B. Jenkins and Emily T.
Smith, Island Press, 1999,

Definitions

Chain-of-Custedy is a document thar
tracks the movement of 2 wood product
from the forest to a vendor and is used to
verify compliance with FSC guidelines.
A “vendor” is defined as the company thar
supplies woed products to project con-
tractors or subcontracrors for en-site in-
stallation.

Sustainable Forestry is the practice of
managing forest resources to meet the
long-term forest product needs of humans
while maintaining the biodiversity of for-
ested landscapes. The primary goal is ro
restore, enhance and sustain a full range
of forest values—ecanomic, social and
ecological.



Case Study

Bicentennial Hall Science Building
Middlebury, Vermont

The Bicentennial Hall Science Building at Middlebury Col-
lege is a campus building thar houses laboratories, classrooms,
offices and a library. Ower 125,000 board feer of FSC-certified
wood was specified and installed for interior millwork. Wood
species chosen were native to Vermont and included hard and
soft maple, beech, yellow birch, red oak, black cherry, poplar,
basswood and ash. These species were used for paneling, base
molding, wainscoting, picture rails, chair rails and balcony rail-
ings. The cost of FSC-certified wood products on the project
was estimated to be 3% greater chan conventional wood prod-
uets.

ss [wi ea [l Q[0

_Credit 7

ity ol Midkdlchery Celloge
Crwner
Middlebury College

LEED-NEC Version 2.1 Reference Guice
237



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,

LEED-WC Version 2.1 Reference Guide
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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.

=5 — == ——— LEED-NC Version 2.1 Reference Guide
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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)
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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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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 |
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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
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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
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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]
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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
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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.
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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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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,
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Credit 5

1 point

LEED-NC Version 2.1 Reference Guide

279



ss [we[ea mr
Credit 5

Credit Synergies

EA Prerequisite 1
Fundamental Building
Systems Commissianing
EA Prerequisite 2
Minimum Energy
Periprmante

EA Credit 1

Optimize Energy
Periormanie

EA Cridit 3
Adlditional
Commissioning

EA Credit 5
Measurement &
Werlication

MR Prerequisite 1
Storage & Collection of
Recylables

MIE Credit 1

Building Reuse

0} Prerequisite 1
Minimum AC)
Perormance

ECh Presequisite 2
Environmental Tobaceo
Sanedke [E15) Control
E0) Credit 1

Carbon Dicebe (000
Monktoring

B0 Credil 2

Inerease Venblation
Elfectivensss

U.5. Green Building Council
280

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

— — == = LEED-NC Version 2.1 Reference Guide
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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-

Credit 6

Credit Synergies ‘

EA Prorequisite 1
Fundamental Builling
Syt Commissioning
EA Prerequisite 2
Minimum Fnergy
Perfoimance

Performance

EA Credin 3

Additional

Commissinning

EA Credit 5

Messirement &
Verification

MR Credit 1

Bullding Reuse '
EQ) Prerequisite 2
Envitonmental Tobacen
Smoke (ETS) Cantrol
E() Crodit 1

Colssn Dhinicle (000 )
Monitoring

FQ Credit 2 ‘

Inerease Ventilation
Ellectiveness

0 Credit 7
Thetmal Conkon
B Crodit 31
Daylight & Views
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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,
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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
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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
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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
3m
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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-

| Credit 8

‘ Credit Synergies

58 Credit T

Site Selection

S5 Credit 2

Urhan Redevelopment
55 Credil 5

Reduced Site
Disturbance

WE Credit 1

Waler Eificlent
Landscaping

EA Frerequisite 1
Fundamental Building
Systoms Commissioning
EA Prerequisite 2
Mimimium Energy
Periormance

EA Credit 1

Oplimize Energy
Performance |
EA Credit 2 |
Roncwable Encrgy

EA Credit 3

Additianal

Commissioning

EA Credit 5

Mersurement &
Veification

MR Credit 1

Building Reuse

ECQ Credit &

Contrallability of

Systems

LEED-NC Version 2.1 Reference Guide

303



55 [We| A [MR[E8] 1D
Credit 8

U5, Green Building Council
304

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

LEED-NC Version 2.1 Reference Guide
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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 [

Credit 8
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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 ‘



Innovation & Design Process [*1 kD

Sustainable design strategies and measu
are © ly evolving and improving,
New technologies are continually intro-
duced to the markerplace and up-to-dare
scientific research influences building de-
sign strategics. The purpose of this
LEED™ category is to recognize projects
for innovative building fearures and sus-
tainable building knowledge.

Occasionally, a straregy results in build-
ing performance that greatly exceeds those
required in an existing LEED credic.
Orher strategies may not be addressed by
any LEED prerequisite or credie but war-
rant considerarion for their sustainability
benefits. Finally, expertise in sustainable
building is essendial to the design and
comstruction process. All of these issues
are rewarded in this category.

Overview of
LEED™ Credits

1D Credit 1
Innovation in Design
10 Credit 2

LEED™ Accredited
Professional

There aro 5 points
available in the Design
Excellence category.

in

LEED-NC Version 2.1 Reference Guide



Innovation in Design

Intent

To provide design teams and projects the opportunity w be awarded points for excep-
tional performance above the requirements set by the LEED Green Building Raring
System and/or innovative performance in Green Building categories nor specifically
addressed by the LEED Green Building Rating System.

Requirements
Credir 1.1 (1 point)

Credir 1.2 (1 point)
Credir 1.3 (1 point)
Credit 1.4 (1 point)

Submittals

Identify the intent of the proposed innovation credit, the
| i for compliance, the proposed sub-

mittals to demonstrate compliznce, and the design approach
{strategies) that might be used to meet the requirements.

Same as Credic 1.1
Same as Credie 1.1
Same as Credit 1.1

O Provide the proposal(s) within the LEED Lerrer Template (including intent, re-
quirements, submirtals and possible strategies) and relevant evidence of perfor-

mance achieved.

Summary of Referenced Standard
There is no standard referenced for this credit.

EIEENIES) o
Credit 1

1—4 points

LEED-NC Version 2.1 Reference Guide
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Credit 1 The LEED Green Building Raring System
was devised t address current sustainable
issues involved in commercial building de-
sign, However, the building industry is con-
stantly evolving and introducing new sus-
tainable strategies and measures. It is im-
portant to stay abreast of current develop-
ments in sustainable building and incorpo-
rate those strategies and products that opri-
mize built spaces. Innovation credits are the
vehicle by which LEED recognizes and

awards such accomplishments,

Additionally, innovation in design may be
awarded if a project achieves exemplary
performance under an existing LEED
credit. Points for exemplary performance
are available only for those credits where
the ourcome provides substantial benefits,

Environmental Issues

With all sustainable design straregies and
products, it is imparant to eonsider the re-

Case Study

Phillip Merrill Environmental Center Headquarters
Annapolis, Maryland

The Phillip Merrill Envi | Center Heady; is a
LEED Version 1.0 Platinum project housing the Chesapeake Bay
Foundation. The project is located on 31 acres of diverse habizar
on the Chesapeake Bay and functions as an office building as
well as an education and wraining facility. A rigorous water effi-

ciency program was mstituted o mini potable water use in
the building. A water recovery system collects roof runoff and
fileers these vol before reuse in potable applications such

as hand washing, mop sinks, dessicant makeup, and laundry. The
stored water 15 also used as supply for the fire suppression system.
Potable water volumes are only used for showers and kitchen sinks.
Composting toilets are used to further reduce potable warer use
and greatly reduce sewage volume. In aggregate, these measures
result in warer savings that cxceed the Energy Policy Act (EPACT)
of 1992 by over 90%, gready exceeding the requirements of Wa-
ter Efficiency Credit 3: Warer Use Reduction.

lared impacs to the environmens and ocau-
pant well-being, and m assure that other
building aspects are not adversely impacted.
Economic lssues

T - i £l e
able first costs and operaring costs, depend-
ing on the degree of complexity, materials
incorporated, and the novelty of the rech-
nology. Initial costs can rnge from free to
prohibirively expensive. To und d the
implicarions of design fearures, a life cycle
analysis can be applied to determine if the
strategy or product is cost-effective over the
liferime of the building.

Community lssues

Community issues are these thar affect
others in close proximity ro the project,
as well as members of regional and world
communitics, Local actions can have dra-
martic cffects on the world when consid-
ered in aggregate,

Tesimosy o 115 Creon Building Conil

Owrier
Chesapeake Bay Foundation

LLS, Green Building Council
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Design Approach

Strategies

There are two types of innovation strate-
gies thar qualify under this credit. The
first type includes those strategies that
greatly exceed the requirements of exist-
ing LEED credies. For instance, a project
that incorporates energy or water cffi-
ciency that provide fi

nary savings and greatly exceed the re-
quirements of their respective LEED cred-
its would be appropriate for this credit.
Points for exemplary performance are
available only for those credits where the
outcome provides outstanding, measur-
able benefits w the enviranment and/or
building occupans.

Case Study

Oquirrh Park Speed Skating Oval

Salt Lake City, Utah

The Utah Olympic Speed Skating Oval is a LEED Version 1.0
Certified project that hosted skating events for the 2002 Olym-
pic Winter Games. Several roof systems were analyzed for the
project and a cable suspension roof was chosen over conventional
rruss and arch systems for two significant benefics. First, the cable
suspension system reduced the enclosed volume of the building
by 20% when compared with a parallel chord truss system. This

The second type of innovarion straregies
are those thar are not addressed by any
existing LEED credits. Only those serat-
egies thar have significant environmental
and occupant benefits are applicable.
Simple signage in a building would not
be considered a significant educational
cffort by ieself. Conversely, a visitors cen-
ter and interactive display, coupled with
a Web site and video would be an appro-
priate level of effort for carning an inne-
vavon credit. Inother words, substantial
efforts must be applied to innovarion
credits. A separate set of submirtals is re-
quired for each point awarded and na
strategy can achicve more than one point.
Four independent sustainability measures
may be applied ro this credir,

resulted in a smaller HVAC system and lower air conditioning
costs. The second benefit of the cable suspension system was
| cubstantial matesial mse ceduction, The weight of the chosen

system is 18 Ihs/sf, 25% less than the next lightest system (a tied

arch roof). This resulted in an estimated savings of 600 tons of
steel, equivalent to $850,000. Owverall, the choice of the cable
suspension roof for the project reduced the amount of raw mare-
rials and processing for the roof, reduced construction cost, and
reduced operating costs over the lifetime of the building.

55 |we| £a [MR[EQ
Credit 1

Covumtew o (IS Anchitects
Crwener

Salt Lake Orpanizing Commitiee

LEED-NC Version 2.1 Reference Guide
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LEED™ Accredited Professional

Intent

To support and encourage the design integration required by a LEED Green Building
project and 1o streamline the applicarion and certification process.

Requirement

At least one principal participant of the project team that has successfully complered
the LEED Accredited Professional exam

Submittals
O Provide the LEED Leeter Templase stating che LEED Accredited Professional’s
name, title, company and contact inf ion. Include & copy of this person’s

LEED Aceredited Professional Certificate.

Summary of Referenced Standard
There is no standard referenced for this credit,

SCEVER
Credit 2

1 point

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

LEED Accredited Professionals have the
expertise required to design a building to
LEED standards and to coordinate the
documentation process chat is necessary
for LEED certification. The Accredived
Professional understands the imporance
of invegrated design and the need 1o con-
sider interactions between the prerequi-
sites and eredits and their respective cri-
teria. Architects, engineers, consultants,
owners, and others who have a strong in-
rerest in sustainable building design are
all appropriace candicates for aceredin-
tion, The Accredited Professional should
be the champion for the project’s LEED
applicarion and this person should be 2
integral member of the project design

ream,

Design Approach

Strategies

To become a LEED Accredited Profes-
SED Acereditation Exam
must be successfully passed. To prepare
for the exam, it is helpful w atend a
LEED Workshop offered by, or autho-
vized by, the USGBC. Waorkshops include
details on prevequisites and credirs, cal-
culation and documentation examples,
and ease studies from projects thar have

sional, the |

For more mation on workshops and
the Accreditation Exam, visic the LEED
section of the USGBC Web site:

www leedbuilding.org,




Index of Definitions

Term Page #

Age of Air 248, 258
The average amount of time that has clapsed since a sample of air molecules
ar a specific location has entered the building.

Air-Change Effecti 248, 258
A measurement based on a comparison of the age of air in the occupied
portions of the building ro the age of air that would exist under conditions of
perfect mixing of the venrilation air.

Albedo b6
Synonymous with solar reflectance (see page 327).
Alternative Fuel Vehicles 40

Vehicles that use low-polluting, nen-gasoline fuels such as electricity, hydro-
gen, propane or compressed nacural gas, liquid natural gas, methanol, and
ethanol, Efficient gas-electric hybrid vehicles arc included in this group for
LEED) purposes.

Agquatic Sy 98
Ecologically designed rrearment systems thar urilize a diverse community of
biological organisms (c.g., bacteria, plants and fish) ro trear wastewater to
advanced levels.

Bil diati 28
Involves the use of microorganisms and vegetation to remove contaminants
from water and soils. Bioremediation is generally a form of in-situ remediation,
and can be a viable alternative 1o landfilling or incineration.

Blackwaler 89
Wastewarer fram toilets and kitchen sinks thar conrains organic marerials.
Building Footprint 47
The area on a pm|c<.l site that is used by the building structure and is defined
by the perimeter of the building plan. Parking lows, landscapes and other
non-building facilitics are not included in the building footprine.

Carbon Dioxide coy) 252

An indicator of venrilation effectiveness inside buildings. €O, concentrations
greater than 540 ppm above ourdoor CO, conditions are g::ncrall} Ll’JnSJd

ered to be an indicator of inadequare ve Absolute conc of
€O, greater than 800-1,000 ppm are generally considered to be an indicator
of pour breathing air quality.

Carpool 40
An arrangement in which two or more people share a vehicle for transporra-
ton,

— LEED:NC Version 2.1 Reference Guide
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CERCLA 28
Refers to the Comprehensive Envi 1 Resy . Comy ion, and
Liabilirty Aer (CERCLA), commonly known as Superfund. CERCLA addresses
abandoned or historical waste sites and contamination. It was enacted in
1980 ro create a tax on the chemical and petroleum industries and provided
federal authority 1o respond to releases of hazardous substances.
Chain-of-Custody 21
A wracking procedure to document the status of a product fram the point af
harvest or extraction to the ultimare consumer end use.

Chain-of-Custody 236
A document that tracks the movement of a wood product from the forest to
a vendor and is used to verify compliance with FSC guidelines. A “vendor” is
defined as the company that supplies wood products to project contractors
or subcontractors for on-site installation.

Chlorofluorocarbons (CFCs) 132,172
Hydrocarbons that deplere the stratospheric ozone layer.
C ity 16
An interacting population of individuals living in a specific area.

posting Toilet 107

A dry plumbing fixture that contains and treats human waste via microbio-
logical processes.

Conditioned Space 258
The portion of the building that is heated or cooled, or both, for the comfort
of building occupants.

Constructed Wetland 57
An engineered system designed o simulate natural werland funcrions for
water purification. Constructed wetlands are cssentially treatment systems
that remove contaminants from wastewarers,

Construction, Demolition and Land Clearing (CDL) Debris e 205
Includes waste and recyclables gencrated from construction, land clearing
(e-g., vegeratian, bur not soil), renavarion, and demolition or deconstruction
of pre-cxisting structures,

Construction 1AQ M Plan 266
A document specific to a building project that outlines measures to minimize
contamination in che building during construction and to Aush the building
of contaminants prior 1o eccupancy,

Curfew Hours 76
Locally determined rimes when greater lighting restricrions arc imposed.
Cutoff Angle 76

The angle between the vertical axis of a luminaire and the first line of sight
(of a luminaire) ar which the light source is no longer visible,

Daylight Factor 309
The ratio of interior illuminance ar a given point on a given plane (usually the
workplane) to the exterior illuminance under known overcast sky condi-
tions. LEED uses a simplified approach for its credic compliance caleulations,




Daylighting 309
The controlled admission of natural light into a space through glazing with
the intent of reducing or eliminating electric lighting. By utilizing solar light,
daylighting creares a stimulating and productive environment for building
accupants.

Develog Footprint 16, 47
The area on the project site that has been impacted by any development
acrivity. Hardscape, access roads, parking lots, non-building facilicies and

building strucrure are all included in the development footprine.
Drip Irrigati a9

o
A high-efficiency irrigation method in which water drips to the soil from

perforated tubes or emirtters.

Ecosy 16
A basic unit of nature thar includes a community of organisms and their

living envi linked by biological, chemical, and physical process.
Endangered Species 16

An animal or plant species that is in danger of becoming extiner chroughout
all or a significant portion of its range due to harmful human activiries or
environmental factors.

Energy Conservation M (ECMs) 179
Installations of equipment or systems, or modifications of equipment or sys-
tems, for the purpose of reducing energy use andlor costs.

Environmental Tobacco Smoke (ETS) 248
Also known as dhand smoke, ists of airborne particles emireed
from the burning end of cigarertes, pipes, and cigars, and exhaled by smok-
ers. These particles contain abour 4,000 different compounds, up 0 40 of
which are known o cause cancer.

Erosion 11
A combination of processes in which materials of the carch's surface are
loosened, dissolved or worn away, and transported from one place to an-
other by natural agents,

Euay ; 89
The loss of water by evaporation from the soil and mranspiration from plants.
Ex-Situ Remediati 28

Invelves the removal of cont soil and g er. Treatment of
the contaminated media occurs in another location, typically a treatment
facility. A rraditional method of ex-situ remediation is pump-and-treat tech-
nology thar uses carbon filters and incineration. More advanced methods of
ex-situ remediation include chemical treatment or biological reactors,

Fixture Sensors 107
Applied to lavatories, sinks, water closets and urinals to sense fixture use and
automatically turn on and off,

LEED-NC Version 2.1 Reference Guide
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Footcandle (fc) 77
A measure of light falling en a given surface. One footcandle is equal to the
quantity of light falling on a one-square-foot area from a one candela light
source ar a distance of one foot. Footcandles can be measured both horizoneally and
vertically by a footcandle or

Formaldehyd 278
A naturally occurring VOC, is found in small amounss in animals and plants,
but is carcinogenic and an irritant to most people when present in high
concentrations—causing headaches, dizziness, mental impairment, and other
symproms.  When present in the air ar 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 tightness; wheezing skin rashes;
and asthmatic and allergic reactions, Urea formaldehyde is a combi
urea and formaldehyde thae is used in some glues and readily decomposes ar
room remperarure.  Phenol formaldehyde, which off-gasses only at high rem-
perature, is used for exterior products, although many of those produces are
suitable for interior applicarions.

Full Cutoff Luminaire 77
Has zero candela intensity ar an angle of 90 degrees above the vertical axis
(madir} and ar all angles greater than 90 degrees from nadir. Additionally, the
candela per 1000 lamp lumens does not numerically exceed 100 (10 %) ar an
angle of 80 degrees above nadir. This applies o all lateral angles around the
luminaire,

Glare 77
The sensation produced by luminance within the visual field thar is signifi-
cantly greater than the luminance to which the eyes are adapred. which
causes annoyance, discomfort or loss in visual performance and visibility
Graywater 89
Wastewater from lavarories, showers, batheubs, washing machines and sinks
that are not used for disposal of hazardous or toxic ingredients or wastes
from food preparation.

ion of

Greenfield 24,47
Undeveloped land or land that has not been impacted by human activity.
Group Multi-Occupant Spaces 291
Include conference rooms, classrooms and other indoor spaces used as a
place of congregation for f ions, trainings, erc. Individuals using these
spaces share the lighting and remperature controls.

Halons 172
Substances used in fire suppression sy and fire extinguishers in build-
ings. These substances deplete the stratospheric ezone layer.

Heat Island Effects 66

Occur when warmer temperatures are experienced in arban landscapes com-
pared to adjacent rural areas as a resulr of solar energy retention on con-
structed surfaces. Principal surfaces thar contribute to the heat island effect
include streers, sidewalks, parking lots and buildings.



ylighting 309
The controlled admission of natural light into a space through glazing with
the intent of reducing or climinating electric lighting. By urilizing solar light,
daylighring creates a stimulating and productive environment for building
occupants.

Develog Footprint 16, 47
The arca on the praject site that has been impacted by any development
activity. Hardscape, access roads, parking lots, non-building facilities and
building strucrure are all included in the development foorprint.

Drip Irrigation 89
A high-efficiency irrigation method in which water drips to the soil from
perforated tubes or emitters.

Ecosy 16
A basic unit of nature that includes a community of organisms and their
nonliving environment linked by biological, chemical, and physical process.

Endangered Species 16
An animal or plant species thar is in danger of becoming extinet throughour
all or a significant portion of its range due to harmful human activities or
environmental factors.

Energy Conservation M (ECMs) 179
Installations of cquipment or systems, or modifications of equipment or sys-
tems, for the purpose of reducing energy use and/or costs.

Environmental Tobacco Smoke (ETS) 248
Also known as secondhand smoke, consists of airborne particles emireed
from the burning end of cigaretres, pipes, and cigars, and exhaled by smok-
ers. These particles contain about 4,000 different compounds, up ro 40 of
which are known o cause cancer.

Erosi 11
A combination of processes in which marerials of the earth's surface are
loosened, dissolved or worn away, and transported from ene place o an-

other by natural agents.

Evap pirati 89
The loss of water by evaporation from the soil and transpiration from plants.
Ex-5itu Remediali 28

Involves the removal of contaminared soil and groundwater. Trearment of
the contaminared media occurs in another location, typically a trearment
facility. A traditional method of ex-situ remediation is pump-and-treat rech-
nology that uses carbon filters and incinerarion. More advanced methods of
ex-situ remediation include chemical treatment or biological reacrors.
Fixture Sensors 107
Applied to lavarories, sinks, water closets and urinals to sense fixture use and
automatically turn on and off.

LEED-NCVersion 2.1 Reference Guide
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Footcandle (fc) 77
A measure of light falling on a given surface. One foorcandle is equal to the
quantity of light falling on a one-square-foor area from a one candela light
source at a distance of one foor. Footcandles can be measured both horizonrally and
vertically by a footcandle or “light merer”

Formaldehyd 278
A naturally eceurring VOO, is found in small amounts in animals and plants,
but is carcinogenic and an irritant to most people when present in high
concentrations—causing headaches, dizziness, mental impairment, and other
symproms.  When present in the air at levels above 0.1 ppm (parts per mil-

lion pares of air), it can cause watery eyes, burning sensations in the eyes,
nose, and throat; nausea; coughing; chese tigheness; 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 decomposes ar
room perature.  Phenal formaldehyde, which off-gasses only ar high em-
perature, is used for exterior products, although many of those products are
suitable for interior applications.

Full Cutoff Luminaire b
Has zero candela intensity at an angle of 90 degrees above the vertical axis
(nadir) and ar all angles greater than 90 degrees from nadir. Additionally, the
candela per 1000 lamp lumens does not numerically exceed 100 (10 %) ac an
angle of 80 degrees above nadir. This applies ro all lareral angles around the
luminaire,

Glare 77
The sensation produced by luminance within the visual field that is signifi-
cantly greater than the luminance to which the eyes are adapied, which
causes annoyance, discomfort or loss in visual performance and visibiliry
Graywater 89
Wastewater from lavatorics, showers, bathtubs, washing machines and sinks
that are not used for disposal of hazardous ar toxic ingredients or wastes
from food preparation.

G field 24, 47
Undeveloped land or land that has not been impacted by human activicy.
Group Multi-Occupant Spaces 291

Include conference rooms, classrooms and other indoor spaces used as a
place of congregation for presentations, trainings, erc. Individuals using these
spaces share the lighting and temperature controls.

Halons 172
Substances used in fire supy sy and fire extinguist in build-
ings. These substances deplete the stratospheric ozone layer.

Heat Island Effects 66

Occur when warmer temperatures are experienced in urban landscapes com-
pared to adjacent rural areas as a result of solar energy retention on con-
structed surfaces. Principal surfaces that coneribute to the hear island effect
include streets, sidewalks, parking lots and buildings.



HVAC Sy 266
Include heating, ventilating, and air-conditioning systems used o provide
thermal comfort and ventilation for building interiors.
Hydrochlorofluorocarbons (HCFCs) 132
Refrigerants that cause significantly less depletion of the strarospheric azone
layer compared o CFCs,

172
Refrigerants used in building equipment thar deplete the stratospheric ozone
layer, but to a lesser extent than CFCs.

Hydrofluorocarbons (HFCs) 172
Refrigerants that do not deplete the stratospheric ozone layer. However,
some HFCs have high global warming potential and, thus, are not environ-
mentally benign.

Mlumi e 77
The amount of light falling on a surface, measured in units of foorcandles (fc)
or lux (lx).

Impervious Surfaces 57
Promote runoff of precipitation volumes instead of infiltration into the sub-
surface. The imperviousness or degree of runoff potential can be estimared
for different surfice marerials.

Individual Multi-Occupant Space L3 ]
Typically an open office plan. These spaces normally contain sandard work-
stations where each individual must have comfore controls to carn Credit 6.2,

Indaor Air Quality 244
The nature of air that affects the health and well-being of building occupants.
Infrared Emittance 66
Refers to thermal emittance (see page 327).

In-Situ R liati 28

Involves trearment of contaminants in place using rechnologies such as injection
wells or reactive trenches. These methods utilize the natural hydraulic gradient
of groundwarer and usually require only minimal disturbance of the sire,

Landfill 190

A waste disposal site for the deposir of solid waste from human activiries.

Light Polluti 7
Caused by stray light from unshielded light sources and light reflecting off
surfaces that enters the phere where it illumi and refleces off dust,
debris and water vapor to cause an effece know as “sky glow.” Light pollution
can substantially limir visual aceess to the night sky, compromise astronomi-
cal research, and adversely affect nocrurnal environments. Stray lighe thae
enters the armosphere does not increase nightrime safery or security and needlessly
consumes energy and natural resources.
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obrrusive light that is unwanted, because of quanritative, directional or spec-
tral attributes. Light trespass causes annoyance, discomfore, distraction or a

Local Zoning Requi ts 47
Local government regularions imposed to promote orderly development of
private lands and o prevent land use conflicts.

Lumi e 77
What we commonly call brigheness or the light coming from a surface or light
source. Luminance is composed of the intensity of lighe striking an object or
surface and the amount of that light reflected back roward the eye. Lumi-
nance is measured in foorlamberts {fl) or candela per square meter {ed/m2).

Mass Transit 40
Includes transportation facilities designed ro transport large groups of per-
sons in a single vehicle such as buses or trains.

Native/Adapted Plants 47
Those that are indigenous to a locality or have adapred to the local climate
and are nor invasive. Such plants do not require irrigation or fertilization
once root systems are established in the soil.

Natural Ventilation 258
The process of supplying and removing air without mechanical ducrwork in
building spaces by using openings such as windows and doors, non-pow-
ered ventilators, and infiltration processes.

Natural Ventilation 300
Provides acceprable air-change effectiveness and thermal comfort withour
the use of mechanical hearing and cooling equipment. The narural effect of
wind, stack effect and interior/exterior temperature differentials induce air
circulation and replacement. Airflow is fan-assisted only when necessary.
Non-Occupied Spaces 29
Include all rooms used by maintenance personnel and not open for use by
occupants, Included are janitorial, storage and equipment rooms, and closets.
Non-Regularly Occupied Spaces 291
Include corridors, hallways, labbics, break rooms, copy rooms, storage rooms,
kitchens, restrooms, stairwells, ete.

Occupied Zone 300
The region in an occupied space from 3 inches above the foor to 72 inches
above the floor and greater than 2 feet from walls or fixed air conditioning
equipment.

OnSheWastewater Treatment 93
Uses localized treatment systems to transport, store, treat and dispose of
wastewater volumes generated on the project site.

Open-Grid P; 67
Defined for LEED purposes as pavement that is less than 50% impervious.




Open Space Area 47
The property area minus the development footprine. Open space must be vegerared
and pervious, thus providing habirar and other ecological services.

Post-Consumer Recycled Content 220
Consumer waste thac has become a raw marerial (feedsrock) for another
produce. It originates from products that have served a useful purpose in the
consumer marker. Much of this feedstock comes from residential and com-
mercial (office) recycling programs for aluminum, glass, plastic and paper.
Other post-consumer feedstock is supplied by businesses thar recycle con-
struction and demolition debris.

Post-Industrial Recycled Content 220
Outpur from a process that has not been used as pare of a consumer produce,
that is sold, traded, or exchanged under commercial terms (including audicable
transactions between profic centers within an organization) as Feedstock for
another industrial process, and that would otherwise be landfilled, inciner-
ared or somehow disposed of as 4 waste, as defined by the Federal Trade
Commission. For instance, a composite board manufacturer may purchase
(or haul away for free) sawduse from a lumber mill or waste straw from a
wheat farm. Wood chips would ner fic this definition.

Potable Water 89
Water that is suitable for drinking and is supplied from wells or municipal
water Sy!lcms‘

Potable Water 98
Warer thar meets drinking warer quality standards and is approved for human
consumprion by the state or loeal authorities having jurisdiction.

Property Area 24
The legal property boundary of a project and includes all areas of the sire
including construcred arcas and non-constructed areas,

Public Transportation 40
Bus, rail or other transportation service for the general public on a regular,
continual basis that is publicly or privately owned.

RCRA 28
Refers ta the Resource Conservation and Recovery Act. RCRA focuses on
active and future facilivies. It was enacted in 1976 to give the EPA authority to
control hazardous wastes from cradle to grave, including generation, trans-

portation, treatment, storage and disposal. Some non-l lous wastes are
also covered under RCRA.

Recycling 190, 205
The collection, reprocessing, marketing and use of materials thar were di-
verted or recovered from the solid waste stream,

Refrig 132
The working fluids of refrigeration cycles. They absorb hear from a reservoir

ar low remperatures and reject hear a higher temperatures.

Regularly Occupied Spaces 291

Areas where workers are seated or standing as they work inside a building.
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Relative Humidity 300
The ratio of partial density of warer vapor in the air to the saruration density of water
vapar af the same temperature.

B fiagi 29
The process of cleaning up a contaminated site by physical, chemical or
biological means. Remediation processes are typically applied to contami-
nated soil and groundwater.

Return Air 252
oned spaces thac is either recirculared in the build-

Air removed from condi
ing or exhausted o the ourside.

Reuse 205
A stategy o return materials o active use in the same or a related capaciry,
Risk A 1 29
A methodology used to analyze for potential health effects caused by con-

taminants in cthe env Information from the risk assessment is used

to determine eleanup levels.

Salvaged Materials 2n
1 materials recovered from existing buildings or construction sites

Construc
and reused in other buildings. Common salvaged materials include structo
beams and posts, flooring, doors, cabinewy, brick and decorati
the ! [D-relared derails.

s irems, 8

n for more L

ynergies sec
Sodi ¥ 1
The addition of
Sedimentation decreases warer quality and aceelerares o
lakes, rivers and streams,

Shi

3
A non-technical term thar describes devi

sils to warer bodies by natural and human-related activities.

ging process of

i
s or techniques thar are used as

part of a luminaive or lamp o limit glare, light wespass and light pollation.
Sick Building Synd 244

B
A sitwation in which a substantial proporton of building occupants experi-
ence acute discomfart and negative health effects as a result of exposure 10

contaminated air in the building.

Site Area 24
Defined the same as propeity arca,
Site A 1 29

An evaluation of above-ground (including facilities) and subsurface charac-
reristics, including the geology and hydrology of the site, ro determine if a
release has occurred, as well as the extent and concentration of the release.
Information generated during a site assessment is used to supporr remedial
ion decisions.




Solar Reflectance (albed 67
The ratio of the reflected solar energy to the incoming solar encrgy over
wavelengths of approximarely 0.3 1o 2.5 micrometers. A reflectance of 100%
micans that all of the energy seriking a reflecting surface is reflected back into the armo-
sphere and none of the energy is absorbed by the surface, The best standard rechnique
for its derermination uses sy ph ri¢ with an integrating sphere
to determine the reflectance ar each different wavelength, An averaging process using a
standard solar specerum then determines the average reflectance {see ASTM Standard
E903).

Square Footage (of a building).. 5 24
The total area in square feet of all rooms including corridors, elevarors, stair-
wells and shaft spaces,

Stor Runoff 57
Consists of warer volumes thar are creared during precipitation events and
flow over surfaces into sewer systems or receiving waters, All precipitnion
warers that leave project site boundaries on the surface are considered o be
stormwater runoff volumes.

Supply Air 252
Air delivered to conditioned spaces for use in ventilating, heating, cooling,
humidifying, and dehumidifying those spaces.

Sustainable Forestry 236
The pracrice of managing forest resources to mecr the long-term forest prod-
uet needs of humans while maintining the bindiversity of forested land-
scapes. The primary goal is to restore, enhance and sustain a full range of
forest values—economic, social and ecological.

Tertiary Ti 98
The highest form of wastewater treatment and includes removal of organics,
solids and nutrients as well as biological or chemical polishing, generally ro
effluent limies of 10 mg/L BOD, and 10 mg/L TSS,

Thermal Comfort 300
A condition of mind experienced by building occupants expressing satisfac-
tion with the thermal environment.

Thermal Emittance 66
A paramerer between Oand 1 {or 0% and 100%) that indicates the ability of a macerial
1o shed infrared radiarion (hea). The wavelength range for this radiant encrgy is roughly

3 ta 40 micromerers. Most building materials (including glass) are opague in this pare
of the spectrum, and have an emiteance of roughly 0.9, Materials such as clean, bare
metals are the most important exceptions w the 0.9 rule. Thus clean, untarnished
galvanized steel has low emittance, and aluminum rool coatings have intermediare
emittance levels.

Thr i Species : 16

An animal or plant species that is likely to become endangered within the
foresecable future.

Tipping Fees 205

Fees charged by a landfill for disposal of waste volumes. ‘The fee is typically quoted for
one ton of waste.,
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Total Phospl (TP) 57
Consists of urpmcall)' bound phesph paly-phospl and orthophosph
in stormwater, the majority ufwhuch ariginares from fertilizer application. (lu:rrucal pre-

cipiration is the typical removal mechanism for phosphorous.
Total Suspended Solids (TSS) 57

Particles or flocs that are oo small or light to be removed from stormwarer
via gravity sertling. Suspended solid coneentrations are typically removed
via fileration.

Tracer Gas 258
A gas that can be mixed with building air in small amounts o study airflow
patterns and measure the age of air and air-change rates.

Underground Parking 67
A “ruck-under” or stacked parking scructure that reduces che exposed park-
ing surface area.

Ventilation 244
The process of supplying and removing air to and from interior spaces by
natural or mechanical means.

Ventilation 258
The process of supplying and removing air by narural or mechanical means
in building spaces.

Ventilation Effecti 258
Refers to the movement of the supply air (that contains fresh ourdoor air)
through the occupied space.

Visible Transmiltance (T ) 309
The ratio of total transmirted light o toral incident light. In other words, it is
the amount of light passing through a glazing surface divided by the amount
of light striking the glazing surface. A higher T value indicates thar a greaser
amount of incident light is passing through the glazing.

Volatile Organic Comg ds (VOCs) 278
Carbon compounds thar participate in atmospheric photochemical reactions
(excluding carbon monoxide, carbon dioxide, carbonic acid, merallic car-
bides and carbonates, and ammonium carbonate). The compounds vaporize
{become a gas) ar normal room temperatures.

Waterless Urinal 107
A dry plumbing fixrure thar uses advanced hydraulic design and a buoyant
fluid instead of warer to maintain sanitary conditions.

Wetland Vegetati 17
Consists of plants that require saturated soils o survive as well as certain tree
and other plant species thar can tolerate prolonged wer soil condirions,

Xeriscape ]
Also known as “dry landscape” designs. Adopt water conservation as the
primary objective. Xeriscape landscapes are based on sound horriculeural
practices and incorporate native plant species thar are adapred to local cli-
mate conditions.





