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FORITICNT, SOOTSTNY,
: S = .‘zia}g}“ érid cporazions
are now available ro desienots, huililors, operators and owners wiha want to build preen
and maximize both economic and environmentad performance.

The 118, Green Building Council (USGBC) Is coordinaring the esrablidhment and
evolution of a natonal consensus elfort o provide the indubtry with wols necessary
to design, build and operate building: that deliver high perfortnanee inside and out.
Council members vwork wgether w develop industey ssandards, design and eonstruc-
tion practices and guidelings, operating pracdces and guidelines, policy pasitions and
educational teols ﬁifm suppott e adeption of “suscainable des g and imﬁ i PrACIICES.
Members alse forge stearegic allinnces wish key indusery and research mg&ﬁzmi;zms?
taderal g{?‘v’ui’ﬁﬁ‘m{ﬂf avenicies and state and local governments to ranstorm the buike
envitonment. Ag the leading atp: rivization that represents the en “'bg,id%{hg Endaz;stry
on environental buildlng martees, dhe Counclls unigue perspective and eollectve
pewer provides our membess with. enotmous opportnity to elfeor change i the way
buildings are designed, bully, operated and mairaioed.

USGRE Membership

The Councils greatest stengeh is the diversity of our membership. The USGBU is 2

Balancetd, consensus nonprobt representing the entire building indusery, a:}ziuz*:isi’irsf'*ﬂi;

's\;

over 11,000 companies and organizations. Since its inception in 1993, the USGBC

b plaved a viral role o providing a leadership forum and a unique, ntegrasing force

for the building industry, Coundil programs dre—

o Ci}m-mitizee«%asgze‘é

he heart of this effecrive codlition is our commiree srncre i which volimtesr
members design stravegles thar arg nngﬁemmmi by staff and expert consultants. Our
commirees providea Q}mm for menibers to resolve differences, build i anvd forge
cooperative solutions for influencing change tn all secrors of the building indusery.

L¥ Member-Diiven
The-Council’s membership is open and balanced and provides 4 comprelensive

platform for carrying out imiprrias: PrOgEATS and acrivites, Wi r:gmt the Jssues

dentified by sur members as the laghese priosion We conduct an agnual review
of achievements that allows us w sev policy, revise strategies and devise work plans
based on member needs,

L3 Consensis-roosed,

We wazk topeches o primote groen bmicﬁﬁﬁg and- in doing s, we
< wigal nerveal healeh at lower costs: Ih@vmj
fealouivs] faps 55 de vel op balanced g?{}ii(;m% thiat benalit %E &

e

g fostr greater

SoOnna i e

brudpr e

Contact the US ﬁ&"&ﬁﬁ: Bui iz;%?é_ﬁg: Council

TR M
%mi & 3€“?

sachugerts Aveiie, N

v, £ 2
Lo *'%22 il
5\-?’537‘ : -2-???5 1 I {3 '.§i-%3§
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I. Why Make Your Building
Green?

The environmental mpact of the build-
ing design, construction and operation

industry is significant. Buildings annuadly

consume more than 30% of the ol
ety and miove than 60% of the elecuric-
ity used in the ULS. Bach day five billios
gallons of potable water is used soley to
Hush colless. A typical North American
commercial construction project gerieds
ares up to 2.5 pounds of solid waste per
square foot of completed foor space.
Prevetopmerit shifts land usage away from
natural, biclogically-diverse habituts o
hardscape thar ks impervious atid devoid
of biodiversity. The far reaching influence
of the buift environment necessitates ac-
gan 0 redice iy impact.

Green building practices can substantially
reduce or eliminare pegative envirprimen-
tal impers and Inprove existing unsus-

- tainable design, construction and opera-

tional practices. As an added bensfit, green
design measures reduce operiting costs,
enhance building markewmbility, increase
worker productivity, and reduce potential
tabiliry resulting from indoor air quality
problems. For example, er&wﬁgy'_ﬁfﬁcielmy
mieasures have reduced operating expenses
of the Denver Diry Goodsbuilding by ap-
oroximately $75,000 per yeur, Studenes i
day-he schools in MNomh Carolina consis-
wently score higher on tests than students
in scheols using convendonal lighting
fuceures, Studiesof workess in. green build-
ings reported produediviey galds of up to
16%, including reduetions in absentee-
sm and improved work quality, based
on “people-friendly” green design. At a
grocery store in Spokane, Washington,

waste management cosis were-reduced by

56% and 48 tony of waste was recycled
during construction. In other words, green
design has envitorimental, economic and.

social élements duar benchy ofl building
stakeholders, inchiding owiers, ocoupanng
and the general public.

I LEED® Green Building

Rating System

A History of LEED®

The first LEEDY (Leadewship in Energy
and Environmental Design) Pilot Projest
Program following the fermation of the
LLS. Green Building Council (USGBC)
in 1993, the membership quickly realized
that-a priority for the sustainable building
industry was 1o have g system o define
and measure “green buildings.” The
USGBU began to research sxisting green
building merrics and rating syseenms, Less
than & year after furmation, the member-
ship followed up on the initiad findings
with the establishment of a commitee
te focus solely on this topic. The diverse
initial composition of the commities
included architects, resliors, a bullding
owner, a lawyer, an environmentalise
and indusery represenatives. This crosy
section of people and profeisions added
a richness and depth borh to the process
atd to the wltiiate produce

The first LEED Pilor Project Program,
also seferred vo as LEEDY Viersion 1.0, was
taunched at the USGBC Membership
Summic in August 1998, Affer exvensive
modificatons, the LEED Green Building
Rauing System Version 2.0 was released in
Felarch 2000, This rang system Is now
called the LEED Green Building Rating
System for New Commercial Construc-
von and Major Renovitions, or LEED
far New Construciion. .
As LEED hay evolved and marured, the
program has undertaken new initatives,
In addition to 2 rating system specifi-
cally devored o building operational and




rytenanes issnes, LEEDY addressed the
ferent project developiuent/delivery  renddy, the LEED preduct poitfolio s

i

. and, consrrugdion marker, Cuar-

processes that exist i the U8, building  being expanded torthe Bllowing areas:

Hating System
Product Portfolio

* uridey development as of September 2008

o
Coinstraction

LEDfor | | Nelghborhood
Hemes® b Development”

Existing | Commerchyl
Ruiildlpps Col o lkerioes

©AEER e Mlattiple
| Puildops /il ompures |

LERD for Schopls™

LI for Betal®

LEED for
Laboretories”

| EED for Retail*
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LEED for New:Construction. s part of
the growing porifmi%q of rating system
produets serving specific market secrors.

B. Peatures of LEED®

The LEED Green Building Rarng System
is & volunrary, consensus-based, marer-
driven building raving system based on
existing proven technology. It evaluares
environmental performance from awhole

building perspective over a building’s life’

eyele, providing a definitive standard for
what constitures 2 “green building” The
development of the LEED Green Build-
ing Rating Sysrem was initiared by the
USGEC Membership, representing all
segrents of the bullding industry and has
been vpen o public scratiny.

The rating systemn is organized into fve
envirenmental categories: Sustainable
Sies, Waiter Elficiency, Epergy & Aumo-
sphere, Materials & Resources, and Indoor
Envirenmental Qualivy. An additional
category, Innovation & Design Process,
addresses susrainable building expertise as

well as desien measures not covered under
che five envivonmental categories.

LEBELY is 2 measurement system designed
for raving new and existing commercial,
insritutional and residential buildings. It
is based on accepted energy and environ-
mental principles and swikes 2 balance
between known established practicesand
emerging concepy.

It is a performance-oriented system whese
credits are earned for saistying oriterion
designed w address specific envirnmental
trapacss inherene in die design, construc-
tion and operations and makasepance
of buildings. Different levels of green
building cerdfication are dwarded based.
o the oval crediss eaned. The syscem i
designed 1o be comprehensive in scope,
vet simple in operation.

C. The Future of LEED

The green design field is growing and
changing daily. New wechnologies and

producesy are coming intothe matkerplace
and innovative designs are proving their
effectivensss, Therefore, the Raring Sys-
tem and the Reference Guide will evolve
as wetl, Teams wishing 1o cerdfy with

LEED should note thar they will need

to comply with the versiun of the rating
system shar 1s cherent at the tme of their
regIStIHtion.

USGBC will highlizht new developments
an ity Web site on a continnous basis at
werw.usehe. oig.

1. LEED for New Construction

Overview and Process

The LEEL? Green Building Ravig Syseem
tox New Construction and Major Renova-
don {Formerly referrad toas LEED-NC)
provides a set of perfortince standards
for certifying dhe design and construcdon
phases of domimercial, instifutiona build-
ings, and higherise residenciad buildings:
The specific aedits i the rating sysrem
provide guidelines for the design and
construction of buildings of all sizes in
both the public and private sectors. The
intent of LEED for New Construction
is tor assist in the creation of high perfor
wianes, headdhful, dumble, affordableand
eivironmentally sound commercial arid
insticutional bufldings.

LEED for Mew Construction addresses;
b Sustainabie Sty '

O Warer Efficiency

& Bnergy & Avmosphere

0 Marerials & Resources

& Indoor Environmental Qualicy

1 Ingovadon in Design

A, When to Use LEED for New
Construction

LEFD for New Construction was de
signed primarily for new commercial
office buildings, but it has been applied
o many other building wpes by LEED




practivioners, All convmercial buildings,
as dehined by sandard bullding codes,
areeligible for centifcation as 2 LEED for
Mo Conseruction building, Conumercial
octupancles inclide fhur dre nor limired
tol offices; reall and service esablish-
menys, nseitarional buildings (ibrasies,
sehools, roseuns, choarches, ewe ), botels
and residentiad buildings of four or more
habitable stories.

LEED for New Construcrion addresses
design and construction activities for
both new buildings and major renova-
tions of existing buildings. The LEED
Green Duilding Radng System for Ex-
iting Buildings is dé:mg,m,é tor addyess
operational and mdintenance issues of
working baildings, Therefore, if vou are
performing a majer renovation on an
existing building, LEEDY for New Con-
steuction i the most appropeiate ating
systeriy for vour projeet. 1 howeyer, yous
project scope does not involve significant
design and construction attivities and fo-
cuses more on OB activities, LEED for
Existing: Buildingd Is dhe miost approprinie
rool for voud projecr. As a general mie
of thumb, a maior renovation involves

clements of ‘major HVAL rencwation, -

significant envelope modifications and
major interior rehabilitadon.

Many projects will cleanly and. cleasly
fir the defined scope of only one LEED
Rating System product. For other proj-
ects, two or more LEED Rating System
produces may be applicable. USGBC
encotitages the project team to tally a
potential point rotal nédng the Ratdng
Syseem checkdises for Jsaz; silsilides. Thf@
priect: i5-a viable candidase for LEED
vertification it cansnedvall prorequiddses
:md &ﬁiiﬁt"giﬁti}e il pownsTequined
3 3{ vrror ﬁmn

' ‘i..} Z{aimg % valen,
please. etatil loedinfo@ usghc.org.

B, LEED for Mew Construction
Registration

LEED Certiboat :
st register thisinteritwich USGEC, Pros-
ects car be registered on the UUSGBC Web
site (wwwausgheored i the LEED secdon,
under Register Your Projece. The Wels site
inctudes informarion on regisiration costs
for USGBC member compuntes as well as
non-memnbers, Registration is an fmportant
step that establishes congicr wirh USGBC
and provides access to LEFD-Onlipe soft-
ware tool, errata, critical communications
and other essental information.

About LEED-Ouline

As of Jariary 2006, project teams pursu-
ing LEED for New Cohistruction certifi-
o uizder Version 2.2 are required o
use LEEDROnling, whith enables veams
torsubiitie 100% of their docamentation
enlitie i an easy-to-use format, LEED-
Ornline srores all L ybebormaion,
vescurces, and suppoit irone centralized
lacation, LERD-Oinline etuliles team
members vo uplosd. credic templates,
trick Cradic Tntépps ation Requests
(CIRs), mianage key P tdetails, con-
ek customer service; dnd communicare
with reviewers throughoiie the design and
construCion reviews,

€. Credit Interpretation Rulings

In some cases, the degign. team migy ene
coniter challepgesinapplving a LEED for
New Constenetion prerequisiceor aredic o

their particular project."These ditficudoies

the Hetopenge

arise from. instances whe
Guide does not suftivicndy addoess a
susecific issue o ther lsw special confling
that requires reschziion. To address such
isates, vhe USGBC has ssiblished the
LEEDY for New Consimuction Wersion
2.2 Credir Inveppioiation fﬁiﬁ!’éﬁg (O

provess {separae fromn the CIR page for

versiom 2.6 and 2.0 Cllsg See the LEED
tor MNew Conseroetion spetion of the
UISGRC %o she for mote indapmarion

LEEDY for Mew Construction Yersion 2.3

i%



L5 Greert Building Couned

is

ar wwwusgbeorg. Credit rulings posted.

after the registration date may be applied
by the project team at their choosing
{exception: the projects own CIRs st
always be adhered ro).

The Credit Interpretation process is sam-
marized as follows:

1. Project teams should review the CIR
webpage o read previously posted
credit inrerpretation reguests aed
USGBC resporises. Many quoestions
catr be resolved by reviewing existing
CIRs and the Reference Guide. Nate
that CIRs for other rating systems
(LEED for Existing Botldings, LEED
for Commercial Interiors and past ver-
sions of LEED for New Construction)
are not necessarily applicable.

£

If no existing Credit Interpreration
Ruilingy are relevant o the project, the
LEED project tearn should submit an
on-line credic inrerpretation request,
The deseripdon of the challenge en-
countered by the project eam shoudd
be Triel bur explicie should be based
on prérequisite or credic information
tound in the Rating System and Refer-
ence Guide; and should place a special
emphasis on the Inwent of the prereg-
wisite or crediv. I possible, the project
seam should offer potential solutions to
the problem: and solicit approval or re-
jection of their proposed interpretation.
Fallow the dewiled instruceions in the

IR Guidelines” documiens available

on. the CIR Web page in the LEED
secrinn of the USGBOC Web sire

A& USGRC will rule on your request

electronically aceording o the
posted schedule, elther through a
posting on: the CLR Page or via e=mail
correspondence.

0. LEED for New Construction
Application

Once a project is registered, the profect
desigr ream beging wa collect informarion,
and perform. caleulatons ro satisfy the

prerequisite and credic submitral require-
ments. Since subminal documentation
should be gathered throughout design
and construction, icis helpful to designare
a LEELY tearn leadér who is regponsible
for managing the compilation of this
information by the piejecttearm, Use the
LEED-Online Submittal Templares that
are provided through dve LEED profect
resoutrces Web page-located in dve LEED
section of the USGBC Web site. These
remplares coneatn embedded calealators,
and are instrumental in docunienting
fulfillment of credic requirements and
g:‘ﬁm.piti.ﬁg for correct-and complete sup-
porting information,

Twa-Phase Application

A new feature of LEED for Mew Con-
struction ¥2.2 is the option of splitting a
certification application into two phases.
Rather than submitlagall decummengion
for a project ar the end of dha consreiic-
tion phase, project teatns will'be able o
submit designated “design phase credits”
at the end of the design phase for review
by USGBC. Design phase credits are
those credits that USGBC can reasonably
adjudicare: based on design phase docu-
mentation. For example, if a project site
raeets the LEELY for New Constroction
Sustainable Sites Credit 3 Brownfield Re-
development Requirements, USGBC can
assess the likelihood of the profect achiey-
ing this credid prior to. the completion of
constivction. Ivisimporant 1o remember
that LEED aredit s mot awarded at dhe
design review stage. Projectteains ape noti-
fed ol the ikelthood that their project will
achieve a LEED credit if construction is
exected i accordance with design phase
plans, Prajects muse submit verificetion
that design elemnents were implemented
ay planned afrer completion of construc
gion. A lstof the potendal design phase
credits can be foumd n-the LEED séerion
of the USGRC Web site. Profect sams are
allotted vne design phuse review. Ar the
completion of construction, the balance
of arerapted crediis, verfication of design




: ritomd docusdan-
tiew forany design phase areditsthar bas
changed since the design phase review dre
documented and submitted for USGBC
review, Seebelow for more details regard-
ing the meo-phgse review,

prhs:

£, Review and Cevitfication

To earn LEED for New Construction
certificavion, the applicant project must
savishy all of the presequisites and
minimam number of poing tw artain the
established LEED for New Construction
project ratings as Hsved below: Having
satished the b&za-sg prevequisives of the
program, applicant projeors g shien fared
according ro their dégree of compli
within thé rating sysrene. All p

Eyr Mew Cotsrinction v _
the titne of propect registearion,

Design Phase Review

Onice USGRC has received YOUT COLE-
f?iﬁ»uu d@?:ﬁg@:,n pima:v «iﬁ&mmm; ;m&i LW;_

i_u: tfatezz. cmfz%sa;ai.sg}ﬁ e, ms:

i} fopmrrally rule on vour zig}ﬁﬁﬁmii‘&}ﬁ: b-‘j?‘
esignasing each arwmpred creditas either
Anticipared or Denfed. No cordfigation
awardk will be given ar this time, nor will
any eredits be awarded. This process serves
to atlew project teams the opportosiy o
ansess vhe likeliliood of credivachioveniene,
aied requires follow through wensure the
design is execured In the construciion

phuse according to design specifications.

Canerrection Phase Heview

At the Q{?E"eﬁ”fi“?k‘%‘iwﬁ of construction, the
profect tears will sebioiv ol awerpred
credivs for rovigw: 1 z? et e had
clecied v have axde age review and
i oscipated credizs
documenzation
aptiiee citis-

Frpsest be

weet comnpliange with g S I Lt
B és. vy oot : Ccredhies chiag

L the project

riests char the

B puest s
teaere npast sihingg

irb:e( RO
cation and
il seprihcarion
beswcondustedk

{ formaily rele on youwr
full applicarion. All applicant-verified
v phiase credies thar were designated

i1 Ui o
!é{aﬁ; mﬁ'&%ﬁf&f‘

Arhioved. ser credits will be desig-

veatedd ws @.z.ti:féf Ahieved ov Pleried.

Appeals

'ﬁ%ppmﬂ@ vy b “f@ifﬂad €’i¥§xé’f after the

design phase rey
Please see the L
cows storion (hit

I )
thps oo e;;pgts‘e::zai:a,.

j

USGEC will aciop
applicarion and pro happlication
review when all projeet docadientation
has been submitted.

The LEED for New Construcrion ratings
are awarded avcordife W Hhe Fol twing

2632 potais
3358 poines
351 pomis
L3 Pladinam 52 ko

UISEEBO will reE
ag %"%iuw e a}f

able plaone.

R Updates & Errata

This is the second edivion of the LERD
for Blosww T onsing Vorgorn 2.2 Rede
erne Ly Sepromber M, Ag
LERY for Mew &e FELCHO R Continues

LEED for Mew Construciion Version 1.7
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wo improve andievobye, updaces and errata
will be made available to substitute and
augment the current material. USGBC
cannot: be held liable for any eriterin ser
forth herein, which may noc be appli-
cable to later versions of TEED for New
Comstnction, Updates and addenda will
be accumdated berween revisions and
will be formadly incorporated n major
vevisions, In the nrerim between major
revisions; USGBOC may use its consensus
process to clarify ceiteria,

Uhen & project reglsters for certification,
the prereqaisites, credits, ereara, and credic
rulinigs current a che tiine of project regis-
cration will contdnue to guide the praject
throughout s certificarion process.

V. LEED for New Construction
Version 2,2 Reference Guide

The LEBELY for New Construction v2,2
Refeterice Guide is 2 suppordng deou-
mient to the LEED Green Building Rating
Sysiern The Guide Is Intended: to assis
projece tearns in understanding LEED for

New. Constrecton criverin and the bene-

fits of complying with cach ceiterion. The
Guride includes examples of strategies tha
carr b ased in cach caregory, case sradies
of buildings that have implomented these
stiavegies successfully, and addidonal
restutees thar will provide vrore infoe-

wiation, The guide doss not provide an.

exbaustive lst of stravegies fov meeting

the criteria as subsequent strategies will

be developed and employed by designers
that sagisfy the Intent of each credic, Nor
does ir provide all of the information thac
design reams need w derermine the ap-
phicability of a eredic v dheir project.

Prerequisite and Credit Format

Fach prevequisite and credic is orgasived
in a standardized formar for simplicity
and guick reference. The Rrst secrion
susnrnatizes-the key points regarding the
mzasure and includes thedneent, Requice-
maents, and some Porential Technologles

& Straregies for achieving the crediv. The
subseguent sections provide supportive
inforsmationto help inredpree the measure,
examples, and links to various resources.
If your projece mwam ehcouhitees an out-
ofedate web lnk in the Réference Guide,
please go to the oot ’iﬁi”?ﬁ%} ire, which
should rake rhe form of wiwworganizadon.
com with ne additional text Tollowing,
Then you may be able éo navigars thiough
the Webs site to find che referenced
docursent. Plense contact the USGRE at
(202) 8287422 f vou are unable wo locare
a4 FeSOUreE, ' ' '

Greening Opporburity lcon
Throughout this Reference Guide; you
will see this icome
iRy
Qg‘% 7 .

LRINg
&Y

nition wner T
Ty Lidlcings 1.

P canssistin
L

This icow will assist projects’ thar are
proceeding with the dntenton of certfy-
ing with LEED for Existing Buildings,
following deeir LEED for New
rion certification. [t identifies oredivs thas
involve measures that are significantly
mote cpé:s:--»e%ffec.t:iwa and comvenisnt to
umplement diring desigeand construg-

TSI

. tion chan chey are diring the operation of

the huilding. These credity arg-

S5 2

Developmens Dengivy &
Community Connectiviey:
85c 4.1 Alrernanve. Transportazion:
Public Transpéitation Access

BAc It Opeimize Energy Performance

BAc3:  PEnhanced Commissioning
BAc S Measurenrent & Verification
MRe4:  Recyded Conrenr

MEe 5: E?;;:gi:@ﬁai Matecials

MR 6

Rapidy Renewable Matesjals




MR 7
Hlde 1

ECe 6.2;

B 7
Fie 8B

Cerdfied Wood
Ouedoor Air Delivery
Monitoting

Controllability of Systems:
Therial Comlore

Thermu! Comfior

Eravbight and Views

EEED for Mew Construction Version 2.2
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Buildings affeor coosystess in a variery of
wirys. Dieveloprent of greendield o previ-
dusly wideveloped sites consumies land.
Developmient projecs toust alse be sensi-
tive to encroaching on agriculoural Tards,
compromising enisting wildife habiar,
ard ewacerbating focal ’zmﬁ reional ero-
sion, The impacts of increased: zmgﬁwi&aﬁs
surfaces o stormwater mnofl should be
controlled o mimic nataral condivions
and protect water quality in receiving
warers, Sedimentation caused by erosion
may hinder regioral waterway navigation,
disrapt aguatic fife and reduce the queality
of local/regional recrearion areas,. Hewt
fram the sur is sbsorbed by buildings
snd paved surbzees and s radiated back,
increasing teraperatures in surrounding
urban areas. External lghting sysrens
may ezuse lighr pollution to the nighe sky
and interfere with nocturmal ecology:

A hasilding’s Iocation also affects soosys-
tems based on the occupants’ options 16t
travel toand from the sie, According
the Federal Burean of Thansporasion bra-
tistics, vehiche use in Amddiod hay pealy
gripled, from | to 2.85 willion miles per
vear, between 1970 and 2002, Vihicles
ave responsinle for approximately H% of
LIS, gresnhouse gas emissions annually
{NRIOC). Vehicle fuel consuniption and
emissions contribure wo climate change,
S,
which have segative lmpacts on haman
hizaleh, The m;ﬁa_ﬁ ciuive required to sup-
pesre wehicle teivel Grorklng and roadway
seerflace s, servies srgrions, | Asi{ai distribusios
neewesks, cvg.) ineren - conpEnpion
af tand and norenewiabio resoysces, alter

proj-
Cof the inberene
rivnent on lend can-

and ;}m‘%ﬁm?&{{f pollution, all of

sumption, scosvstesss, natural sesources
and energy use. Prefitenics should be
given to buikdings wich high perfornince
areributes in Jocations thay enbanee exise-
ing nelghborhoods, rranspet; LEG et
%:w;}zf arned urhan b

inirial pr {;;agr scoping, | wcfg,mm:: should

and land wee plang that
preserve natural ecosystens functions and
enbance the health of die strrounding
COErmaity

B giver oo

Establishing sustalnwable design objec-
tives andl nregrating bullding locadon
and sustrinable Feaures as o mietric for
decision making encouriges developimenc
and preservation oF rsOration pr

HOTIOES

that it che envivommenial impact of

hulldings on local evosystoms,

Sugtainable SHas Credit
Chisracteristics

Table ¥ shows which credity were sub-
stantially revised for BEED fir New
Lonstrucrion Vashos 2.2, whieh cediv
are eligibile fo be subritied in the Design
Phase Submitedl, sodwhidh projec teun
mreritbers are i trtiston-malk-
g, fn&pﬂﬂ‘db! ms for each credir. The
decision-maldng regponsibibiny matreix is
not invenided o excludeany gy sather
to emphasize these credivs that are most
fikely to require sirong participation by 2
!}?‘ﬂf’tiﬁiﬁ}?if O ﬁi{fm%ﬁ'?ﬁ

£

Overview

Light Pollution Beduction

Chsrviews of LEED®
Preveguisites and
Cradits

55 Praveguisits 1
Comsirdoiion Activity
Fodinition Prevention

55 Cradit

Slbe Seldction

S5 Coadit 2
Davelopment Density &
Corammpnity Connectivity
S5 Crpdit B

Broverdisdd
Redevelopnent

55 Cradit 4.1
Alternative
Traasporiation-—Public
Tearspariation Acdess
S5 Cradit 4.2
Adternative
Trarssporistion-— Bioytle
Starage & Changing
Booms

5% Cradit 4.3
Abternative
Teansooration—
Love-Eyniltting
Fusl-Efficiant Yehicles

S5 Cretit 4.4
Adtorrmtive
Transpdrtation - Parking
Capahty

55 Credit 5.3

Site Development
~Frotect of Restore
Brabibat

% Cradit B2

Sibe Development

- Fauimize Cpen Space
&5 Cradit 8.4
Stofater Managerment
- {iumantity Condrol

g4 Credit 6.2

Stormwater &ﬂmagemﬁﬁi
— ity Conbrol

55 Credit L

iedl Elamt Efact—
Kon-Roof

85 il 7.3

Heat islamd Effpch—Roof
S Cvadit 8

LEED Ty New Construction Versios 2.2
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Overview

U5 Green Building Coundgl
22

Table 4 55 Credit Characienstics

émﬁit

£

cant Change from Version 2.1

Design Submittal

1 Owrer Declslon-Making

» | Construction Submittal

+  Design Team Decision-Making

= Contrartor Decision-Making

| 85ck: Light Pollution Reduction

o ¥
%.
§5p1s Construction Activity Pollution Prevention -
5%eissie Selection *
?Sﬁa:_z.x Development Density & Cormmunity Conneativity | A
%5¢3: Brownfield F%szdamﬁm’:mﬁﬁt * *
6ed. 1 Alternative Travisporiation, Public Transportation * *
JACCess o o
Lhed o Alternative Transportation, Sleydle Stordge & * : :
Changing Fooms
5504.3: Alternative Transportation, Low-Emitting & e =
Fuel-Efficient Vehicles _
$Shea.ds Alternative Transpertation, Parking Capacity * A
; 5§_t§,.§.: Site i}eveia_;}mmtj’mmm ar Rﬁ*ﬁ_m"e- Habitat S TR S
jﬁsts,z: Site Developrment, Maximize Open Space * e
S8e6.1 Etmrm@atef Management, Quaritity Control R *
$5¢6.4: Stormwater Management, Quality Control L *
55¢7,1: Heat Island Effect, Non-Roof : . e
5%¢7.2: Heat istand Effect, Roof Lt L
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Prerequisite 1

5. Greer Building Counedl

Sumimary of Referenced
Standard |

Storm Water Management for Coin-
straction Accivitles {USERA Dodument
Mo, BPA 832R92005), Chapter 3

115 E‘f-wi'mmmmai Protecting Agency
Ofce of Warer,

oo o O

Interner download link for Chaprer 3
(72 pagesh: www.epa.govinodes/pubs/
thands e:mfwuids;updf

Diowenload sice for all secdons: hxepy//
V‘{):Sm“!_”i-iii‘.tﬁ,-Gﬁf}'{i.gﬁ‘jvh@'z{i’s‘.ﬁl‘f%‘j‘;’%ﬁ'}‘;ﬁ_}tzﬂ;ﬁE‘Qfﬁ-ﬁ
nsf, sewrch by ngle index, Mardeopy of
mitcraliche lentdre document, 292 pagies s
Wartenal Technical Informadion 3¢Wimﬁ
{order # PRO2-235951),

o

{800} 355-6847

This standard describes vwe types of
megsures thar can be ueed fo cénenl
sedimerration and erosion. Seabilizagon
measures include temporary seeding,
permanent seeding and muldching, All of
these measares are intended to stabilive
the seil o prevent eroston. Strucroral
control measures are implemened w re-
rain sediment after efosion bds ocourred.
Scructural conol messures inclede earth

Table & Techaokopies for mnimlh vy Erosion

dikes, sikt fencing,
sedimient bagins. |
measures depends on ¢
the specific site.

%{;Emi’fﬂt traps and

wmﬁtz{;m At

Approach and
Implementation

Frosion on cxisting sites typicall by resubes
fram foute wallic kil ling the vegevarion,
steep slopes where stormwater sheer fow
exceeds vegeation holding power, runoff
that erceeds ve:gemtiﬂn*;E;;c;ﬂciimg peawer, or
vehigle rafficon unpaved aress, Idensify-
g and eliminating these and other causes
will minimize soil lossand preserve receiv-
ing water guality.

This prevequisite effectively éxtends
NPIHIS requirernenis for constryction
activities, which currently only apply w
;::rm;zf{,m 1 acre and buger, 1o all projects
pursulng LEED cerilfication,

Typically, the civil engifeer idendfies
erosion-prone wreas and soil stabilization
medsures, The contractor thtm ddﬂpza 4
plas wo implement the mieanires preseneed
by the civil enginesr and i
rain events and other wo
ingly. It is recommended that die Bx
and Sedimentation Conrral (1

be incorporated inte the condfuction
specifications, with clear

drawings and

& Sedimentation

{.’.ﬂn'tmi Technology
stabilization
Temporary Seeding
Permpanent Seeding
Mulching

SEructurst Control
Barth Dike

; aed:m&nt traps
SH Fance

Sediment Trap

Sediment Basin

Plarit fastgrowing grasses to temporarily stabilize solls
Plamt grass, trees, and shrobs to petmanantlyets pitize soil
Placs hay, grass, wooddhips, straw, or gravel off thi seli suifate
o cover and hold soils

(iansit?uf:ﬁ: a mound of stabiilzed soll to divert siurfaes
volimes from distributed areas or into sedimeit be

Constrict ndsts with a filker fabric media m reriiove: 5edzm&nfz
from stormawater volumes fowing through the fece
Extavate @ pont areaor construct earthen embankments to
allow for settling bf. sediment from stormwater volulhes,
Constructapond with & controfted water release striscture to
sliowe for settling of sedirrent from stormwater volumes




crughens regarding responsibilities,
schetduliing, and nspections.

¥

I w Storm Water Pollution Prevention
Plar (SWPPPY is renuired for the proiect
vig the Natjonal Polluraar Discharge
Elirnination Syseem (NPDES) or local
reguilavions, an ESC Plan may alveady
b required. iy thar case, the only acton
required is w confirm that dhe plan meus
the Requisements of this prerequisite and
is implemented, 1Fan ESC Plan fs not re-
qguired for purposes other thar LEED, use
che Relerenced Sundard listed sbove as a
guideline on how to compuosé the plin,

Calculations

Thers are po caloulations associared with
this prereguisite.

Exemplary Performance

There is no Exernplary Perfornuance pobny
avaitable for s prerequisize.

Submittal Documentation
This prerequisice iy submisted as pure of
the Constioction Submiteal,

The following projecr das and ealoula-
tion information is required o document
credic eompliance using the v2.2 Submic-
wal Templates: :

O Provide coples of the prolece deawings
to document the érbsion and sedimen-
ration contiol aigasures nplenented
on the site.

0 Provide confhitmation segarding the
compliance path taken by the project
{(NPOES Compliance or Locat Ero-
sion Conol Swodands)

Tk Provide o nertasive 1o describe the
Erosion and Sedismeniation conoraf
mcasiires inplemeng
I a loeal semydard
please provide sped
demonstrate
equal to or i
refirenced b

ol T pProject.
been followed,
information o
sopth stancard 1

Considerstions

Emvironriental (ssings

The loss of topspil is the most sig
ote-site consequence of erodion: Topsoil iz
the soil layer chot containg erganic matier,

WE EA MR EQ 1D

B

Prerequisite 1

LEED for Mew Construction Yarslon 2.2
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Prerequisite 1

LS. Green Bullding Coungd]
2%

plant potrients and biological activicy.
Laoss of vopsoil greatly reduces the sedl’s
abiliey 1o suepportplant life, regulove warer
Aow, and muineain the biodiversity of soil
microbes and insects that controls disease
atsd pest outheeaks. Loss of nutrients, soil
compaction, and decreased bodiversity
of soil inhabitanes can severely limiv che
vitality of landscaping. This can fead 10
acditional sive management and eaviron-
mental concerns, such as increased use
of ferdlivers, irrigation and pesticides;
and increased stormwater runoff thar
heightens the pollution of nearby lakes
and soeams.

The offesite consequences of erosion
fron developed sives inclade a variery of
water quality issues, Rl from dewel-
(apwz{;siirzs carries pollutns, sedimenss
and excess nutrieris thay disrept agraric
beabrats (o the recciving warers. Minogen
and phosphorous from runoff hasten eu-
trophication by causing unwanted plant
groweh In aguaric sysiens, tncluding
dlgal blooms thavaleer waser quality and
habitat conditions. Algal bloams can also
mesudt in decreased recreation potendal
anel diminished diversity of indigenous
fish, plant and animal populadons.

Sedimentarion also contributes tw the
du@mdmm f}f wearer E’mfi;u., T h{, bmfd Lrp

Jessen. How ﬁi&‘l’iﬁii‘\?’. _pmmtiaﬂy if:ading
to incressed flooding Sedimentation also
affects aduiatic habitar by increasing tur-
Bidivy Tevels. Tu atjf reduces :;Lmhg;ht

enetration info the waer and leads to

" reduced phatosyhthesis. in aquatic veg-

etagion, causing lower oxygen levels thar
canrior support diverse communites of
aquatic fifel

Evomonsic Issies

Erosion and sédimentation contral
fmedsures are requited i nrose areas in
ordler ro minimitze it I s{ﬂ& expensive
mitgation measties in recelving waters,
The cost of eroston and sedimentarion

comtrel on construction sites will include
soime minimal expense assoviared with
ingealling and inspecting reasures. pat-
tsmbs%y bifore and after storm events.

The cost will vary depending on thetype,
lncatian, opography: and soil condidons
of the project. :

Resourees

Please see the USGBC Web site dt wwa,
usehe,are/ pesgiirees f0

mire specific
pesorces on materialesunrbes and other
rechaical informrarion.

In addirion to the vésources beldw, chieck
with state and ooy ereanlzadions for in-
formation o erosion. smd sedimentation
control specific wo ol wghin.

Web Sites
CFESC Inc.
WYW,CDERCIIET
(B28) 6551600

Search the disectory on this Web skt 1o
find egrtifred- erosion and sedimentation
comerol professivnals in vour soave.

Environsent szaf&ias thwamﬁ&’é&%
~ Sedimeny ?’1@,@

wrww.ec, rocalvwarerfenfiararel/sedimd
g.sedinhem

(R19) 9536161

This sice inchedes mf grmmmn a:;m the
anmiimmnax gt sé:ﬁhmmmtwn

E{’ 'Ex'fmmn «m{i Sg&tmeﬁm (,,m;tmi

tion, qu aq-mszm.




Erosion Control Technology Conneil
WL ECTCIOT,
{651} 554-1.895

This sonprofit grpasizadon develops
performance standards, westing proce-
dures, and guidance on the applicarion
and installation of rolled erosion convrol
products. ’

Intermationa] Evedon Control Assoaia-
tinn (LECAY

WWW.ICCR. 01

(9700 8793010

Thisorganization’s mission is 1o connegt,
educate and develop the worldwidé ero-
st and sediment conmol cormuming
Soil Frosion and Sedimentation in the
Giveat Lalws Region

k

wwwserear-fakes nerfenvelpollusive/

el il
(754} 971-9135

This resource from the Greas Lakes
Informarion MNetwork provides linds o
veneral resources, education and wain-
Ing opportuaities, materials, manuals,
miaps and other resources refarved to soil
erosion, sedimentazion and warershed

!

By

management.

Definitions

Eroston is 2 combination of processes in
which materials of the cardys surface 2w
lnosened, dissubved or worn away, and
cransported from one place w another
by natural sgebits (sach as waser, wind
of graviry).

Bedinrentarion s the «ddiion of sadly
o water bodies by nanwad and human-
rabared getvitios, Bodimenmion dosreases
warer guulin and agieleres the aging
process of lakes, peprs and sureams.

Prefequisite 1

LERD o Wew Conslroution Vesslon 2.2
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Summary of ?@efemmaﬁ
Standards
U.5. Department of Agriculture Defi-

nition of Prime ﬁ&grmukumi Land as
stated in

United States Code of Federal Rﬁgﬁl&*

oss Title 7, Volurne 6, Pares 400 10 699,

Section 6575 (citation FCFRE7.3)

WL DOACCESE, S0V rdexhoml {Go
to “Brovese andfor search die CRR.™)

See alse “Identificarion of Important
Farmlands™y htip/faZs7, g,‘,akezmam’ah
el 7125712422011 Fob 20051500/
edockier acress.ppo.eoviclr 2005 fangee!
ol 7657 5 pdf

This standard stares: “Prime furmland
s Jand thar has che best combination of
physical and chemical characreristics for
producing food, feed, fovage fibes, and
wilseed crops: and is also: a’mﬁahkﬁ for these
wses {ihe land could be eropland, pasture-

fand, rangetand, forest bond, or eher band,

bt not urban imxitﬂup faried orwarer). Ir
bas the soil quality, growing season. and
moiseure supply needed o cconomically
pmdu{:ﬁ sustained high vie?és of crops
whien treated and managed, ncluding
water management, sccording to accept-
able farming methods. bn general, prime
farnlarnds Ehm ars &dwq aate and depend-
able water supply ot precipitation o
isrigation, 4 favordble reraperature and
arowing season, acteprable acidiv o alka:
lindry, acceptable sale and sodium content,
and few or mo rocks. They are permeable

to warer and air. Prime farmiands are noe
excessively crodible or sanurated with vearer
far a fong period of time, and they either
do not flood fi'ﬂqumti voar are provécred
from Hooding, Examples of soils tha
qualify as primae farmband dee Palouse silt
foam, O to 7 percent slopes; Brookston
siley clay loarm, drained; and Tama slry
clay loarn, 0w 5 percent slopes.

Federal Emergency } *v’ﬁ :

(207} 6464600 )
This referenced stindard
clevations, FEMA defines 2 100-Ye _
ax thie flood elevation dhat hasa 1% chance
of being reached or exceeded each yeir, Iris
nacthe mostsignificant food ina 100-yeu
period, Tnstead, Hi0-year Boods can ocour
iy thmes within g 100-year period. See
the FEMA Wels sive for comiprehensive
informaion an foods and other natimal
cisasters such avwildfres and bisricanes.

Endangered &ywzzzm Linte

1.5, Fish and Wildlife Services List of
Threatened and Endangered Species,

wwvefws goviendanrered!
This referenced standard addresses dhrear-
ened and endungered wildlife and plas
The Service also maimyins e lkeotp
and antmals sadve vothe U

chat are candidares for possible addition

tor the fedecal lise.

adonal Marine Fisherles bf:r‘fh;es List
of Endangered Marine Species,

WL mfa’ noasceoviprlineciesfesa

lixui sk méanﬂuﬁé ar shmamnuﬁ witdlite
and plant %pf:cﬁws,

Trefinition of W@:ﬁ‘iﬁ_’ :
States Code of Fedeéral Regzﬁam@m,
40 CFR, )

Pares 230-233, and Pare 22
wirw.epoaccess.zovici/indes uml

(H88) 293-6498 '
Thie referenced standard
larids and discharges of dredpet

material into waters. regulatad by stares. -
The definition of wedand areas pertain.
ig to this credit, found in Part 230, s
as follovws




“Werdinds congise of areas thar are -
dated or satwrated by surface o ground
warer at & frequency and duration suffi-
cient tr support, and that sodes normal
cirenmstances do suppors a ;}fﬁ%?;’anémm
of vegeeation typically adapred for life n
suevrared soll conditions.”

Approach and
implementation

Chneof the most impertan facross i greatr
ing sustainable buildings & locaring dhen
o an approprizte site, Eﬁ}i’:‘vd@pzzﬂzg a E}znid-
ing on an inappropriae site can resule bn
the boss of priene fanmland or key habige,
Before 2 project sie Is selecred, evabuare the
potential environmental dissurbane
will veeur as a result. Channel develop-
ment into previously developed areas o
prevent sprawl and hebisg loss,

e thuat

Avoid developing sites thar exbibit any of

the charncrenistios Hated in the restricred

criteria. Consider the propesed use of

the buitding, and sef a prefeience for
developed sites thar comple-

eraveled. The sive selection procesy might
include fandscape architecs, ecol

gineers, as well as local professionals
who can provide site-specific erpertise,
Have z government official, soologiy
wther qualified professional petform
survey o faventory the important envi-
rorymestal chascoreristios, indy &ﬁ@z}g Wt
fands, sloped areas, unique habstar areas
and Foreseed areas, Fond
of the foual mamichpalin
BaEy T e pan. ghariic

£
e

1 o pﬁ?} =
: ;z-a“a:ég:'ﬂi P megarive

V-a&rm_.. in {é.a tang “watey F"* ey ami thay

cequites tncseprenacion, Somal] pransmade
ponds, such s hose used in stortawrer
rerention, re suppression and recreation
st tor w be incladed i this d
tor LEELY purposes. Man-made werlands
afud orher warer brdibs ofeared to restore
natural habitat and ecological systems
are not exerpt. Wetlands ave addressed

specifically by the founh buller padie of

the Requirements.

Where feasible, inregrate neighboring
activities to creare a develypiment with
shared amenities and spaces. When de-
signing the bullding, consider a smaller
foctpring, and set aside laree contiguous
areas for natural space ot the project site

to minimize disruption of the environ-
menvally sengitive arens idemtified above.
Build in dense Modks vo Hinde the devel-
opment foorprine and sire disturbance
oo the smallest aren possible. Incorporate
site fearures inte the desizn such as
matural fearures chae alveadhy sxist an the
site, narate! shelter T v {)r terrain,
eargat areas oy cuslonr gedvittes, and
water features Tor chorial, seoustic and
aeythetic bénehr,

Calculations

are no caloiladionsassackaed wizh
ehits credi

Exsnmplary Performance
Thiere i no Exemplary Performance poiat
available for thisoredic

Stibmitial Documentation

This credic fs submireed as past of the
Dhegign Submiteal,

The tollowing project daiaand calegla-
tion informaton isteguired o doctment
credi complianee using thev?. 2 Submic
taf Templares:

W Provide confirmeation dhae the projest
site does not mee: aoy of the prohib-
i criteria, Speci:l dlrcumsances for

isegﬁ 1
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0.5, Gegen Building Cou retl

F&

- the importanee. of prudent st

individual projects and site compli-
ance sheukd be noted,
ANTY (For Prajects with Special Circim-
sia-mx:é‘e)

a;?{:a;za‘i CITCLOMSTANTES OF HOf-8ian-
dard compliance pathys wken by the
project.

Considerations

Environrnental ssuss

As nop-urban development inoreases,
@ selecrion
increases as well, Prevention of habior
encrogchment is an essenial damcm of
sustainable site selecdon, The best siratagy
for selecting a building site is to choose a
previously developed sire, Since these sites
brave already beess disturbed, darageito the
enviromment is imiwd and sensivive land
arcas can be preserved. The site surround-
fng a building defines the character of the
buitding and provides the first impression
for occupants and visitors to the bufld-
ing, Creative and careful sice designs can
inregrate the namral surroundings wich the
building(s), providing a strong connection
i:mmf{:en the buile and pariral environ-
mienyes.and minienizingadvessie impacts on
the non-huilt portions of the sice.

Habitat preservation is-the most effective
mians 1o meer the fegiiroments of the
Enidangered Species Act and to minimize
developmental impaces on indigenous
wildife. Net builditg on inappropriate
sites preserves these areasfor wildlife, rec-
reation and ecological balumee. Building
ot inappropriate sives such as foodplains
can be dersimental to ecosysterns,

iy
b

Eronormic issues

Site selécrion can play an imporaant role
in the way that the public respends .
and Is involved with, the proposed devel-
opient. Chionding, developient away
from sensitive ecological areas in favor of

previcisly disearbed sites can entourage
public support for a project and &fpt?‘ﬁ:d
public review periods, thus minimizng
or preventing obsoacles tmdftmmii;f
encountered during project scoping. Eeor
nomically, this can alsosave on roidgaion
costs that o developer would incur if the
proposed. developroent wege approved
within a sensitive area. '

Appropilaee site selettion can reduce the
risk of properry dasmage due o patural
events such as landslides, foods, sinkholes
and soil erosion. Figher Brst costs miay be
encountered die to siE sivey.and selec-
rion activities. Increased. property values
can offser these costs in the fiiture, Proper
sie sefection can also avoid pamr}m% foss of
property due o poterial idgation reule
ing from harm to-endangeied speches.

Resources
Web SHes
ESRI

wwwnesthoom/hazardsy

This software conipany creates tools for
GIS mapping, Its Web site indudes an
option w make a map of wll of the Bood
areas within & wset-defined location.
Marural Resources Befense Uit
wevw.nrdeorg

(Z12y 727-2708

NRIJC uses law, science, and a large
menthership base for prowetion of wild-
life and wild places to ensure a safe and
healthy environinent,

Print Media

Construcied Wetlands in the Sustain-
able Landscape by Cralg Cumpbell and
Michael Ogden, Jobhn Wiley & Sons,
1999,

Holding Our Ground: Protecting America’s

Farms and Faemdend by Tom Dandels and
Exeborah Bowers, Iand Press, 1997,




Suved By Drevelopmenr: Preserving En-
virowmantal Aveas, Farminid by Rick
Pruets, Arje Peéss, 1997,

Wetland Indicarors: A Guide 1o Wetla
satioi, Delineation, Classifeeation
fg by Ralph W, Tines, Lewis
Pablishers, 1999,

Definitions

A Corsmumity is an interacring popula-
gion of individuals living i a specihic
area,

The Brevelopment Footprist s the area
oir the praject sice that has been brypacted
by any development activity. Haddscape,

access roads, parking lows, nosebinddi

1

facilities and building struergre ase all
included in che developroeny foorpring.

An Beasystem is a basic unit of nature that
inclades a community of orgaaismy and
their nonliving environmeitt lirked by bio-
logical, chemieal, and physical process.
An Bodaagered Species Is an animal or
plant species that is in danger of becom-
ing extiner throughout all or 2 sigaificant
portion of its range due to barmful humman
activities or envirommental factors,

Previously Developed Sites are dhose
that préviously conrained buildings,
soadways, parking los, or were graded or

altered by disect hunnan acehv

A Threatened Species it an anlial or
plang sp 7 e gt
dappered within the foresegabl

A5 K E

s ehiatr is i
o Barure.

Wetlyisd Vegedation consists of plants
ehiat requite sararated sofls ro srvive, as
wiglh as certaln mee and other plant spee
cies thar can woleme peolonped wer soil

i

coffiions.

LEED for New Construction Yersion 2.2
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Credit 2

LA dreen Bullding Courc]

3%

Summary of R&%&mmﬁﬁ
Standard

There is no standard referenced for chis
crediz,

Approach and
Implementation

The general approach for achieving this
credic is to give preference to sites within
iscing urban fabric, Work wicdh Tocal
licxions and follow the urban devel-
opment plan o meet or exeeed density
goals. Consider synergies wich neiphbors
md chicose sites hased on ;ﬂinmnm_n_s.m
wransportation and qualiy-of-life consid-
ernions. Sives with redevelopment. plans
thar will achieve the requited develap-
ment density by the completion of the
project should not be excluded from
cobsidération. This aredit can be achieved
by ehinosing o develop a shte where com-
ity reviealization is occarting provided
ther r{:ﬁ;uiz’{"ci development densivy or basic
sepvices adfacency i in plate dr in con-
seruction by the project’s compledan,

Calcuiations

Option 1 —~ @mﬂ@pmat Density

To deeermine the development density of

a project. both the projece density and the
densities of susrounding developments
must be considered. The. @&Es:.uimcms de-
eailed below refer to-the building(s) dhar
comprise the projece pursuing certifica-
thomn, the project site ares, and theares and
dessity of the surtounding buildings.

MNote: The LEED for Mesw Construction
Submizsal Temiplate can be wsed o per-
form these calculations,

Bauation i

Development Density {s‘q;ﬁ.facré}

Lo Determine the total avea of the project
site and the e squgm foctageof the
building, Far profects that are part of
a larger propefiy (suchds:a campus),
define the project ared shat is defined
in the LEED projects scope. The proj-
et area must be defined conslstently
throughous LEED docusentarion.

2. Caleulare the developmens density for
the project by dividing the wotal square
footage of the building by the total site
area i acres. This development density
must be equal to.orgreater than 66,000
sq.ft. per acre {see Equation 1),

Project Site Area {acres)

3. Convert the toml site arca from acres
ber s de. andd caleulaee ded syuare root
of this number. Then multiply the
sepdre zoor by three ro determine the
appropriste densicy radivs, (Note: the
Sejuare (0ot fancoontased to nommal-
e the caleulation by removing effeces
of site shape.) {See Eguation 2},

4. Oreerlay. the density radius on 4 map
{see Figare 1) that includes the project
site and surrounding AFEAG 4 tpinating
from the conter of the siee "Thig Is the
density botindary

5. For each property within the density
boundary and for those properties
that insersect the a‘kﬂ‘;it};'b(}ur‘id&?’?
creare 4 tabrle widi tie E:mlﬁimg sefrare
footage and sive aren oleach propesty.

[Emimi(t all properties in the deasiry

caleulations except for undeveloped

public areas such as parks and wuter
badies. Do not indlude pmjht: roadds

and righe-of-wiy areas. Lif 3

on nelghboring propertiés can be ob-

tained from your city of counity oning
deparrment.

= Grass Building Square Footage [so.f6.)

Equntion £

Project Site frea [acres)

ens sf’y Radiug (LF} =3 xf {?mmr’ty Rred [deres] x 43 560 [sq .8t facrel)




6. Add oll thie sovare foorare valoes an
stie arcas. Divide the rowbsquare faoe-
age by the rotal shie area to obiain the
averape property density within the
density boundary, The average prop-
erty density of the propertes within
thie denstey boundary muost be equal 1o
o grentor than 60,008 sq. B per acre,

Examyple
The following
property Jdeasio cal
sijfr, buiidi

s ilfustrates che
dationg A 36000
{ omva Guddacre
uthen st and the e tions are ueed
to d siding density. The
propersy densiry Iy abowe thie minimam,
donstoyof GO0 sl per dere requived

by the credic (see Table 1),

2 i . .
S elaryials

rerrine e

Table Le Progerty Defsit

MWexe, the density mdins is derermined.
A density radivs of 415 fect is taloulared
{sce Table 2. The density radiug is ap-
piled 1o an o progeet sice
and surrounding ara. The plan fdenti-

e phen of ¢

hin or are
qs Theplan
inchudes a sedde and 4 north Indicaror,

Table 3 susinarizes the igformation
shont the propertiss keddfied on the
map (see Figure 15, The boilding space
aric site avea are listed for each property.

WE EA MR QO 1D

Credit 2.

LEED for New Construction Uﬁzfséén 2.7
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Taibider 2: Pensity Radius Celoulation

Credit2

[L5. Crpen Building Council
38 ‘

nsity Hadius ﬁaﬁi&&agséz;
site mm facees]
:.‘r:.}&&_ﬁ by Radius [LF]

0.44 *_
4&154

Thiose values are summed and the average
densiveis calenlated by dividing the votal
ailding space by the torsl site area.

For dhis example, the average building
C‘Eﬁﬂ'ﬁj‘{‘}" GFTEE& f‘;ﬁﬁxﬂﬁlh}dl !Nﬁ»‘g area is gl’fidﬂkf
than 60,000 sq.fr. per acre, thus, the
example qualifies for one poine under
this credit.

OR

Option 2—Commupity Connectivity
To determine thie commectivity of a proj-
ect, both residential and commercial
adjacencies: must be considesed. The
calealation process is deseribed in the

following steps:

Pr@;ﬁﬁ'ﬁf asire map (Figzt:-m 2} and draw a

1/ Zmmide radius arenud the madn building
eiitrance. Ragdiuses may be drawnaround
multiple entrances for projects with mud-
tple buildings or mote than ame fwain
extranice, The combinadon
thise radueses wetld then
thie project radius. Madcall residentinl df:-»-

Table 3ohample Area Properties

velopenents within the radius, Acleascone
area zomed Efw residensial éwdﬁpmmf
of 10w pret- i
preser within s
sor earny this m:ci;r

Mask all commeércial
rading, Ar leas 10

Services may include Bar v Pling 5
ship, Convenience Groeg _ii}iz;}r Care,
Cleaners, Fire Station, Beaue Hardware,
Laundry, Lilirary, Medical/Desial, Senjor
Care Facility, Parle, Phartniacy Pogr Office,
Restavrant, School, Sapen s Corp-
mercidl Oy, and. Clani

Orihrer services Wil?.bﬁl 5]

service may- was {:ammzvd mm
in the cilewfavarn. Up o

may be counted mwardx
chis credit, any @
which there is p
the suviu mé

. 5 o
Den Den:
A M 28, Fag- 0.30
B 9] 880 015
c p oso . 08y
D 27,550 0.32 Q 348,800 254
E 86,449 117 R 91,250 1.85
F 14400 136 5 22425 037
G 12,560 0,26 1 33,650 051
H 6,240 .14 x AL 400 R
i 14,330 0,22 v - 0.76 ¢
s 28,8590 i, W 19200 7 DE4T
K 17890 .31 % 6,125 826
L 9,700 ¢31 ¥ soe . 030
A 24,080 0.64 4 a300° 624

Totat Suilding Space 18FY G97.6E5 _
Total Site Arga [acies 26,04
Average Density [SF/acees] 62,199




Figusra & txan

© SewicsType

i ?‘ﬁﬁ’;‘}ﬁﬁ%ﬁ%& i
Uproaded Vidhnity ?ﬁm}

1 K £ Restaursnt

2 Grosarg 1 Corvenis nte Grotey
(3 Uggent Care 1 Medical

4 Phiarmacy T Phatmacy

§ Gyl Filness

5 By Care 1

7 Bank i

2 Restaurant 2

g Clesneis 1 Cleaner

1B Post Office 1 Poist 03

each  quangifabh
a.%;ﬁs.i}uséﬁmss efies; the fe:zaf
yd 1o eonfirm ments can be u

oripal ben-
}E:.}. Eéfs%i%ﬁrii*

{oran exemplasy perior
Credir

Qg@mg}igg}g Performance A LEED for New € CEISHL PROJect
' st first méee the rogiiirempies of O

vian T of 58¢2 i@iﬁifiﬁi%i};&* path) in LEED for

Based v evidende chat higher density
locations cro achievs substantially and

EEERD for Mew Construction Yersion 2.2
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[WE|EA MR[EQ 1D
Credit 2

VS Green Buliding Council

&

Mew Construction v2.2 Addivionally; the
pm;\.u gt seeet one of the e fa ;
zm;‘ rnx{;m! Lmi:mx '

Qi ar ic:,m fio
density with
equacion 2.

OR

L1 The average density within an arca
ewice as lasge a thiat iorthe base credit
arhivvement must 5}& ar feagr 120,000
square feer per actes To double the
aren, use equaton 2 bue double the

. PEODETY aea §"§I“;1;

T hmr: rc.,qu; v are b%rz& on the de-

‘ \éim Tower the c;mm o av{,mgn
f;ﬁf thie arsa,

f
e
3
juag
B
Fny
i
el

3 f&;:-hmw: a densiey o
threshold of the Basecrg

ANIDHOR

U¥ Locate within an afes of extablished
ﬁm%ity that is larger than thar required
for the hase credit, which is why the
sacliue used in die bade crediehagbesn
daubled.

Submittal Documentation
This credi 38 éﬁ%}._;ﬁ%imd. as pare of the
Dresign Submial.

The following project dam and caleula-
tion information is quited fo document

credit eompliance using sfzc w2 Suboits
it ’Iwapl S

Option 1~ Development Density.

b Provide o sire vicinity plan sheiwing

thier project: site and the sirrounding

sites amd bui‘i&iﬁg& Skerches, black

diagrams, maps, aod terial photog are

all aa:&;’;t;ﬂ‘}ie ?e: 3 rh%v' purgm&;e Dr‘aw

or nete th zh awing swju

0 Project sive and '&&ilﬂ%ng area (sq.50)

s the csif:uimd ared (e b

- %mmpwmtmﬁ pi&nmw it

0 Submic a listing of site and: bullding
accas tor all swrmmsiz,t sifes within
the densiey radids. L

OR

ths@n 2; ﬁammumtyﬁ ﬂﬁef;tw.ﬁy

Providioa sie vicinity ds
the project site, the 142
nity §f§L«i§§E§S)- wered the k}z;

AND { E&:; bp&{«iﬂi Cirenme

apgeiiar ";:i

ot wmcifzrd cotiy ;3&:1:3'
by the project.

Considerations

Environmerdal lssues.

Consider the functional adjacencies of
chicstie with respect to transporgation ard
pmﬁuamzt} Coman Vdfi'«?@h};}m@m&
with at feast 10 of thie ba
i, chis credic within: & |
sechios transportatian: mpact

actess £0 basic servives wallable may
improve preductivity by reducing the
basie spent driving between 5&@‘1{:&5 anid
accessing parking, In addition, oCHpant
health can be improved by mcmgg{xd lewels

'nﬁ physical activiey.

sty and seEmRALer Beaiagd
sives wlten mvolve vhe ref

A existing building, with a mdmfmﬂ




of consthiction waste end pew material
wse, The potengal made-offs of siees in
nse areas are Dmited open space and
passible negative IECY aspeets such as
contaminated solly, wndedrable air qualicy
ar fmited daylighting applicasions.

o

Economic lssues

A significant economic benefic of nhil
development is the reduction or elimi-
mation of new infrastraciure, incloding

rouds, neility services and other amenitios
ace. I mass cransin serves the
ificant cost redictions div

already in pl
urban site, sig
gm%iiﬁia by downsizing the project parle
g capacity. Urban inhll development
sormethmes requires signioant add]
costs when compared with susb

developmient due o s
i E serils meidd 0

{:mmmi@ Jssues

i'%%}aa sgxs‘gwﬁ 'tf&:s;:zw fsiz'xz%iéé:v ol i

The redevelopment of uthan areas helps
restore, invigorare amd stait established
arban living patterns, credsing a mork
stable-and interactive commumnisy,

Hesources

Please see the USGBO WD sfee s wwn,
usghe.orgresoubces for more specitic
resoisrees oh materialy sourtes aend other
gechnical information,

Web Sites

. Congress for New Urbagism

W Chir o

Urhan Land Instivape
VLI Washingtion
wwwowvashineronuh OYE
(7603} 390-9217

The Urban Land T;zatztw i6w poaprofy
organizadun based i Washingron D,
that promotes the sespansible wse of fand
in order o enhancs the wodsd environ-
Faeny.

The Internstionad @ﬁ%ﬁm foie the Selen-
tific Study of Population

Ve ILsEp. oy

3156062173

?;”‘ﬁ’ USSP promores selentific sturdies
of demography and populdon-relared
e

Print Madia
Changing Places: Rebilaing Community

in the Ave of Sprizef by Richand Moeand
Carser NVilkie, Hengy Holr & Campany,
558

Lrepsity by [eid]
Becideatiol Deviel,
Urban Land Instnie =

FECIIORE R
ety Pader,

f]éﬁm f)wf E)f‘f”rsﬁ::}? Fr

Biaid Benfreld, eral., |
Diefense Coual, 1999

Sreburbrn Nagosn: The B fgf% orn enedd
the Dlecline of the Amevionm Drearn by

Andres Duzny, e al., Nocth Point Press,
2000,

Drefmitions

Building Diensity 15 -the foor area of the
building divided by the foral ween of the
site {square feer g e,

LEED for New Construction Version 2.2
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Credit 2

1.5, Graen Bullding Counci)
&%

Greentields are sites that have not been
previously developed ar buile on, and
which could support open space, habitat
or agricaliure.

Property Area is the toral area within che
legal propesty bounduries of 2 site and
ericomipasses all aréas ofihe e including
gonsericted areas and mon-constructed
atens,

Site Area is defined the sume as property

Ave,

The Sqynare Footige of o building is
the total area i square fegr of all raorns

incheding corridors, elevaraes, stairwelis

g

anch shaff spaces. Only 2 stories of a park-
g strucrure may; be-counted as pare of
building square footage. Surfac
{orly L srorv ol ;mf%w} AR
part of buﬁd;rﬂg s fm}mg
ensure efficient i ofaed adi
building feowpring- B@fh:ai?amam& anid
stacked psrkmcs_ are 2 awe ﬁﬁls:: itt, sqjuari
footage ;:alc:uia,t:{mm

parking

Pedestrian Accesy implies zh at pedes-
sriang can walk to the sérvices without
being blocked by wally; frebways arother
Batriers.




Potertial Technologies

1
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WE EA|MR EQ 1D

Credit 3

LS. 6
&

sreen Building Cownddl

Summary of E%ﬁ%‘emﬁmeﬁ

Standards

ASTM B1903-97 Phase 1 Erreivonmen-
tal Size Asscosment

ASTM Inrosnational

e astn o

This guide covers o framework for emi- -

ploving good comunercial and customary
pracrices in condugting a Phase [I envi-
ropmental site assessinent of @ parcel of
commercia propersy. It covers the poven-
eial presence of 4 range of contaminans
that are within the scope of CERCLA, as
well as peoroleam. produers.,

EPA Browndields Definition

EPA Sustainable Redevelopment of
Browsfickds Program

warwengeovibrownbelds

With cermain hg&i exclusions and addi-
tons, the twem “brownfield site” means
real property, the expansion, meﬁawh}p«
ment, o1 reuse of which may be compli-
cared by the presence or potential pres
ence of a harardous subetance, pollutant
oy cottaminent (source: PublicLaw 107-
V18, FLR. 2869 — "Sal Busiriess Liakil-
ity Relief and Brownfields Revirilizaton
Ae™), See the Web sire for additions!
tnformation and redoioes.

Approach and
Imiplerentation

Gaircomniunity support by highlighting
the environmenml, ecomomic and com-
muairy-relared benelits of brpwnfield
redevelopment. Negosiate with local
manicipalities and landowners forbelow-
market purchase prices for brownfield
real estace, Also, obrain vix incentives by
meeting the locally applicable require-
ments of EPA brownfield v credics.

The advanmages and disadvantages of
birownfield redevelopment should bie

casefully considered during che sire selec-
riorn. process.

" selecred

natural

- Utihize remediation experis 1o develop a

master plan for site remediadon. Prioriize
site remediation dctivi E,z.e;;_bgz-s;é ot avail-
able funds and specific site consideradons,
and establish dmeframes for completing
reraediation activivies. Test for ronic-
ity dnd bazardous levels of polivdon on
the proposed site. To earn this credie 2
site with exisiing hazirdous suh‘a‘imﬁ{:ﬁrg
present of pamum?iy preseny
and renvediarion u’%m PYHsk
be performed v idenvify ctintain and
mitigare the havard,

Clean the site using estat ishied techpelo-
gies thar have minimal ﬁismpmma onthe
sites fearnres, both whove i
and underground. Consider ln-stii reme-
diarion sc E*;s,mn el trear ContammAants
in place nswead of off-sie. Oote reme-
disrion is complete, continue 1o monior
ehe site for the idennfied contaminanrs
to ensuse that comtaminaden problems
der rusit Fesurn, '

Remediation effores on %‘:mwnm‘id sites
are sometimes costly and dme-intensive
due w0 the poensially exrensive effort se-
auired o characeerize the contaminadon,
evaluste clednup options and perform
gleanup aceivides. However, substandally

Nower property costs can olfser remedia-

ses annd einie: debays. The cost of
remediation strategies varies by site and
region. Several vemediation: strategics
should beconsidered in order toddentify
the straregy with the greavest benefic and
lowest cost 1o the property owner The
apiprapriate rechnology for a specific site
depends on the contaminuats. present,
hydrogeologic conditions and other fac-
ters, Tradicional remediation efforts for

romn. e

eontaminared groundwarer arg terimed

“pump-and-treas” Pump-and-treat tech-
nologies involve pumping contaninared
groundwater o the surface and pearing
the warer wding physical or chemical
p‘ﬁ'ﬂs{:fssgéﬁs; Contarpimeed soils cap be re-
medliated inea variety of ways. Advanced
cechnologies sach. as bioreactors and in-




site applications are sometines more cost-

eftective than havling large quantities of

coniminated soil wan approved disposal
faciiey. fnnovative remedintion effores
such as solar detesification techaologies
are currently being developed and are
pected 0 reduce rentediation costs in

o

the fueure. [t is imporiant to consider the

envirenmental implications of all come-
dintion suategles belng lnvestigared for

your project to ensure the solutdon does

nor canse problems elsewhere.

Calcufations

There are no calculations aseoid
vhis credit,

Exemplary Performange
i‘;;

Thereis o Bremplary Perfotrancy point
available for this credin,

Submittal Docurmentation
This crediv is submiced 45 past of the
Dresigrr Sudumivtal.

The feflowing project dam and ealoula-
tion informatio i

credit compliance using the v2.2 Submie-

sl Teim piia;l:@s;:

project site was dit'&f;'i"i&:mm iiiﬁ'ﬁ'z"}’-“;
raminated by means of an ASTM
F1903.97 Phase I Ervironmenial *%"ii‘ﬁ:
A ment o the site wasdefined as
brownfishl by & local, swee or %g:ﬁ.ﬁza‘zﬂ
FOVEIMMEnt agency.

L Providea dendled nurid
thie S COnErEEn . i
effors woderhen by the projecn

Lonsiderations

Ervironmental ssues

& £
H

shres in wrban
Lescasions Have boon afsndotied doe o
resl oF porental contaminaion from

e porential buik

previous ind il activi-
vies, These shes ediaced and
cedeveloped for souse, }{ avifonmenral
arsed cconomin condters are key issues
when evaluating browefcld redevelop-
menie. Costy incurred (o remediate site
contamination afd knd prices can be
addditive or can offser each other, Percep-
ton of the building site by the boiding
owner and futere bullding cccupants
also be weighed. Building cwners
rray be wary of cleanup reotiemenis and
the p{}tmtmi or Habilinrassogiived with
coTatnans mx.g; i ms.gm\‘ of gl qud b
puecting dewnstream neiglibors. Building
secipants may Worry about healeh risks
fram breathing cong
ingy iinecs contscr wid
Thase concerns min
resodied before ik
to redevelop a browabd

Remediation efffires o
sraterials from brosenfiel
grotndwazer, This reduiced the exposure
of humans aned wildlife 50 1 '
2 result of mw}mr}maﬁm i
wlopment of brown
alternate sprion o dew
Geld giees, Preservarion o o
for huture generations deceeas:
enwiranmenal impacy of
Brownfields often have xiéiihg infra-
SUUCEIrE IMpPIovements in ¢ Iaclud-
invg usilisies and roads, reduging the need
fnr further environumentl bhpaces doe
o conseruction of new faseacrare, In
wrme instanoes, techidedian wonediae the
sy be more sensble
oo, choosing
instead ro stabil fare thie con-
ramminane fom Buran esposare,

S GECEH-
ield gites
1o overall
gpiment.

% 'féi?‘i].i!'l&ifi{ja%ig

T SOV CORED AP

for ap anreotive lacae
sstve when

Brownhelds can o
ton and are of
cosmpared wonm i
pr:;psmw It s ewsennlal o weigh the
vilue of the remedited proporty as:
cheanup costs s deermiime i the
cconomically visble for edevelopment,

st

e i

S TR ——

i T
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LLE. Green Budfding Coungll
&%

Developers have been reluctant to rede-
velop brownhield sites i the past due w
potential, labihey assoctared with raking
responsibllity for the cleanup of othery
contarminaivn. ko cecent yearys the BEA
and many state and local government
agencies lave begun o provide incentives

for brownficld redevelopens by enacting

laevs char reduce the abiliy of developers

who choose o remedise contaminated

sives. Before embarking on a bivsvafield
development effory, it Is Imporant o
conuict stare and local repulators to dever-
mine the rules governingikiese sives and
avaitable financial assistance programs.
ir may alse be helpful w conact the
togional EP&s Office of Solid Waste and
Frmergency Response (OSWER), whic
may provide stte chardcigtization abd

remedintion suppert.

Eponornic lssues

Remediarion and reclamaddon of con-

sanimed sines =ikl tﬁxi"iiﬂéﬁ&i L ey SL)C&&;

sl soonomic 1:5%*1{@}1:,&%1%,_ ot depressed.

ar disadvantaged neighboshobds. Local
Habilides can be vomned into valuable

. community assexsand catalyze ircreased
community investment, Clean up of

contaminated propertics can renew andd
stu_gmmﬁ" o senseof community pride in
local residents,

Hespuress

Pleass sec the USGBC Web sice ar www,
usgbe osglresouscps for more specific
resorees on materials sovrces and other
rechnical informarion,

Web Sites

Browaticlds E“m;imﬁi@gw Supper:
Center

worw, brownfielilstscore

A public coopemtive effort thar provides
technical suppore 1o federal, state and
focal officials on frems related to siie
investigation and cles

and expostire ass

EPA Sustainable Redevelopment of
Brownficlds Program: '

wwrw.epa.eovibrovwnhelds

- Acomprehensive site ant browndields thar

inchudes projecty; indviatives, tools, tax
incentives and other resowrces to address
brownbdkd remedinion and eedevelop-
rent. For information by phone, contace
your regional EPA office,

Print Media

ASTM Scandard Praceice B1739 ‘*}**;
Hisk-Based Corrective Action Applied =t
Petroleum Release Sites, Ainerican Soctery
for Testing & Muzeals

WWWLHSL TS
{610) 852-9585

This dovument.is a guide for sidebused
corrective acton (RBOCAY adecision malke
ing provess thar i specific wo-cleaning up
perroleum releases at confaminated sites.,
fepresenss a tlesed &ppmftch i stve assess-
ment and remedial sctons. also includes
a comprehensive appendie with risk calou-
lations and sample applicagions.

EPA OSWER Directive 9610:17: Use
of Risk-Based Dedston-Making in UST
Correction Action Programs, ULS, Bavi-
ronmental Protection Agencyy Office of
Undesground Storagd Tanks,

WA W, € A, Do/
od9G1617 e

(70%) 603-7149
This docament addresses the application
of risk-based decision-making techniques
o properties where leaking undeigronnd
storage tavks (USTS have created fishs
o numan Beabth and che environemen,
Gindelines are included vo asstst i male

fyweruselfdisectiv/

cing decisions In a manper Consistent

with federal faw, speeifically CERCLA
ared RCRA programs., Risk-based. deci-
stort-rnaking fsa method thaeud]

izes risk
ssment methodology
to determint the extent and wrgency of
cheanup avvions: The godl is to protect




Parhan health and the environment, Thi

seatidard velndes several examples ¢

programs that use riskebased decision-
makiig by leaking UST legislagion.

. L Egmo
Befinitions
Bioremediation involves the wse of mi-
é?a#m}f'g;mii;iﬁs and vcg@mmm EEy FEIONE
contaminants from water and soily, Bio-
remediation is generally 4 form of fn-sli

rernedianie, and can be a viable alierna-
rive 1o landhiling or inclogmtion.
CEBCELA refers vo the Comprehensive
Envivotmental Responge. Comperes
don, and Liability Scr (CERCLA), corm-
monly known as Superfund, CERCLA
addzesses abandoned or histerical waste
sites and comaninarion, lo was enscred
in 1988 vo create 3 rax on the chemdoal
and peroleurs industies and provided
federal authoriny 1o responad o releases
of hazardous substances,

-8t Remediation vebves the remae-
al of contaminared soil and grounder
Vreatment of the conmminated media
pecurs it another location, rypleally a
treaement facilicy. A aditional methiod
of ex-sita remedintion is pump-and-ueas
rechnology thar uses carbon Alters and
incineration. More advanced methads
of ew-sitiy remedintion include chivindend

Ed

tregtment or Mological reaceors,

In-8ite Remediation involves treas-
et C}g {;(}fif‘éiﬂﬂl;ﬂ:@.??’i:ﬁ it E7§<§L£‘ Eﬁsif}»;ﬁg
technnlogies such ag injection wells or

“hese taethods weilize

warer and udnally regi

dizruchaiee of d

; SETATHI, TIEAITHEDT;
storage dud disposal; Some non-hazardous
vemstes are also covered under RURA,

HHg ZEpEI

Seatiing up
& TSR T b etverical
o hio!
e% are ¢
soil and QIO
Risk Aspessi
arabyee for porentiil health effects cavsed
by contaminants in the environment,
Information fGom thie sk assessmenc is
used o derermine cleanup levels.

eneTEL

A Siee Assessment is sn evaluation of
above-ground {inclading fclities) and
subsurface characreristios, mchuding che
geology and h}f‘émﬁcig}f of thie site, 1oy de
tepmine iF o release bas oooidred, a8 well
as the exgene and coboer g e the
release. Information generded during a
shee assessment s vsed tsapportremedial
actiom decisions.

WE EA MR EQ ID
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Heguirerments

: ?ﬁ%&ﬁ%ﬁ}ai Techne
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U.5. Green Buliding Councl
50 !

Summary of Referenced
Standard -

Thete 1s no sandard referenced for this
- credit.

Approach and

implementation .

Select a sire that has convenierit scoess
to. existing transporiation nerworks to
mrindmize the need for new sansporta-
tion lines. Local wlephone books and
CHmHnunity Web sives j;;s"@%idf.@:inﬁ;}ﬁ
and direcrories char will be helpful in
derermining the tansportation sptions
available. Look for funcienal and dizect
siddewalks, paths anid walkseays to existitg
rmass transit swps. Provide incentives .sx:a_ch

Fgnive 1 Sareiplé Sreu Drawing

45 Transii passes 1o ENCOUTAZE OCCUPRATS
£ VSE ATHASE CTURSI. _

fa hgﬂl’u rail o by, station is :»;ftui
phnmé and funded avdhe dme the proj-
gct is completed, it e&zasﬁm the fnent of
the eredit

Caleulations

Use an arca drawing to |
sit stops within 172, i il € :
Remember that dhe' project iy required
to be within a 1/2 mile pedestrian rowe
o a commiuter kail, isgju rail ar subway
statien o within 174 mile o
hus lives. Figure 1 shows two bus Hines

within 1/4 mile of thepro
The auap includes 2'sc; 3
midicaton

abuck 4 norel

?’rép‘af@ﬂ i;s;%'%i?%étnw:fzm g L




Exemplary Performance

Profects may be awarded vne thnevation
poine for Exemphiry: performanue in al
rermartve tinsgortation, 58 Cedivd, by
institating 4 comprehensive transpotta-
sion manggeoient plan thar demonstrates
aquantifiable reductlon in persosal ativg-
maobile use through the uplemention
of multiple aleernative options.

Based on evidence thar locations with
higher transit density can achieve sub-
stantially and & quandifiably higher eivi-
ronumentl b ::sz%t meeting the lollowing
threshold qualifies a project for exemy }m}z
performance Innovation Credin
foliows the Center for Clean &ic P
{%ndin g that average transit ridershi
reases by £.5% for every 1.0% increase
it g,;wsft%} of masste servioe levels, webvigh
leads to the conclusion that quadrupling
eramsit sesvice generally doubles sransis
ridership.

g

To accomplish chis quadrupling of
service and doubling of sidershipy 2 a
minirm;

L3 Locate the projecs wichin ¥ mile of
gt least wwo existing commier mi%i,
light rail, or subway lines, OR locure
profect within % mile of at kasi po
ot mioze stops for four er wiore yuhmt
or camipis bus lines usable by building

OCCUPAs]

AN

: mw-t be such
v per day
‘{:iﬁf)i,}‘:}?

ave availa

A combipaton ok

fowable., This stra
o

1

vab the mam; wirked w'

3-(@&1%‘!’&;*!_{31'?13
cdin

G ETHOEE 'J.E.”&i"(.%t_.i.é:‘

24 houvrs poesday.

rransit gdership incases dy
every A fnorease wn TEansnervIce,
then giadropling the nmber of ¢ pieles

fe

avadable wouk
the. trarisie mé
200 gides), 35
apchmnpedlth i g
o &;i}mimﬁ;- '

Submitial Documentation
This credic is subinitted as part of the
Dresipn Submiteal.

The following project data and caleula-
tion informaton is reguired ro dociument
credit compliance Using ehe V2.2 Submit-
tal Tﬁﬁmgﬁamsz

Commuter Rail feryice

0 Provide asfoes
the project site ard 1 h
(evisting fpfcsp@m:ﬁ il
within 1/2 mile of the

¥ {%m‘ ving z;.i%wwm“

A E,isa{éz:zg_ of csch fized rail station and
the distumoe frome the duilon w the
project sice {miles).

Ok

Bus Service

“ ]53% ovide asize vicinioy deving showing

e £ site and die location of il
g bus stops withinn 1/4 mile of
the sire,

G Alistingotech %m* reihatserves the
sive vicinity aidd b i fréan the
: ¢ {myiles),

i Cirenm-

ANT (For Projeco W, .
stances—Ficher omplines Path)

W Provide an z:s;m:};‘szﬁ narratve 0 de-
scribe amy” 5}"} i e SR LACES OF
nomstandid mmpi;fmcﬁ par b wiken
by the piofe :

Considerations

Erwironmeanial .?swéﬁ

CThe environmental offediy of atizomo-

bile wse inelede wehicle emitsions thar
contribige o stog and ar pollution
as well s envirormenal impacts from

Credit 4.1

LEED for New Sonstraetion Version 2.2

5%



Credit 41

1S, Green Bullding: Council
52

. as mass transit i i s convenient

impervious surfaces. hE{e a5

oit extraction and” pewrclewn refining.
Increased use of public tansporeafion
caf Emprove air quality. A surprsingly
lasge number of people are williing o
alternative means of wanspet

faciliries are provided vo encourage their
use. Encouraging the use of mass wansic
reduces the enesgy demand for tinspor-

- ration needs und affects buililing sites by

reducing the space needed for pirking
lots, which encroach on green space on
the building site. Minimizing parking
lts reduces the building foorprine and
segs asfde more space for natural aress or
B {iﬁ:ﬁ?{{fi(}plﬁﬂﬁf densites

Redued
fuel constrnprion and Wit aod warer pol-
Tutants i vehicle exhaise. On thie basis of
passengee miles travelsd, public transpor-
tation is approximately twice us fudl of-
feient as private vehicles. Another bencfic
of public tansportation is the associared
reduction iy the need for infrastrecrare
wsed by vehices. Parking facilidies and
poadways for auromobiles bave negarive
itapaces on the environsnes

sii i private vehicle e redices

v Beea sE
tincrease.

seormwater punafl
wrban hear sland

Fedwornic vsues

" ing. i*m bufidmv mmg:m&m, Ot
u,ﬁe{i “with n@,‘v@imti ror-aived From the

retaining ﬁmpi@}«eeﬁl' "Fix 15001
piroject a:mmsﬁaxzve: livtlero.hing 1o
their building's proximity to ritass b 'm' L
Fa i}uiifiimz & not near mass fransit, a
shuetle can be provided o saim this credit,
bur thits would be anadded operatieg cost
for: e building,

on axmugawé use of pLd ic ;

benelits plas m;p
-:gam mz:mmi mmg?mt

Reauﬁmw the sizeof :}arkmg .;mm,s Ewawd

building accy
costs adsoniated 3y
naere. I local vrilive
water based on dmy
minimizaion of ¢

L AFEd,
: v vesilt in
lovweer stormivbater charg

Resourcss

Please see che U txi“&%(, “«}G’da me At W
WsEhC.olf resoui :
resouroes ofr farerials soukcey arzd etk
rechnical information, -

Web Sites

Gifice of [‘mm&?amaﬁm
Quality '

ULS. Environmiental Proge

wwwenneoviotag)

simrer :«imd i promoting
&4 !'(’}II'IH?‘&? & }‘}{HCL pmé}?am%

im Grganieio

Best Wﬂfﬁi}ﬁ&éﬁ»ﬁ for: C(}mmm&r&:

VW, hwmmknlai %farcmnmutem gmi
ideshem

(888) 856-3131 _
This prograns, e i::;;i)i‘if_;h' by the US EPA
and DOT publiely recognizes employers
fm E:i“mr ammpim*gicpn muter f:;mf:f}ts

COTIIE S %}me

'.Iﬁﬁ ‘ _mm

wiwari-infoong

A xmnpr{}ﬁt -@rg vizati




Definitions

Mass Transic iy a publicly or privarely op- i Credit 4.1
erated transportacion service that provides :
wranspertation, for the general public,
miltiple fized stops on o scheduled basts.
Mags transit vehicles are typicatly capable

of serving 10 or more ovcupants, sach as
buses, trodleys, Hght rail, erc,

Public Transportation I bus, rail oroth-
er transportation service for the general
public operating on a regulas, continual
basis chat ts publicly or privately owned.

LERD for MNew Construction Versien 2.2
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Summimary of Referenced
Standard _

There s no standard wefeenced for this
ceedit,

Approach and

. . } A o .
Implementation
Select a site thar provides convenient ac-
cess to safe bicycle pachways and seoure
bicyele storage areas for cyclists, Provide
shower and changing aseds for dreises
that are easily accessibile from bioyele
STOrage arcas.

Drarisg the site selection process, survey
patential building ocoupanss and deter-
mine if the available bike routes and theit
compatibility with mass transic options
meet their needs, Look for functonal
and direcy paths thar can be used by bi-
pyele commmusers. This information will
help inform the size, type, and location
of bike racks and showering Facilidies for
the preject.

There are 2 number of diffetent gypes of

secure bike storage systemg, and destgn
and evsts will vary. Secure bicyele sror-
age mieans that bikes can be'individually
lacled and stored, forexampleto a rack,
Far residential profects, bike sworage
st be sovered w protect Bicyeles from
weather as woll as dhefs

For projects dharare Jocaredion g campus
oF similar seering, showering facilities can
be shared berwesn buildings as long as
the Facilities ave withip 200 yards of the
entrance to the buﬁ&nw g pussuing LEED
certrification,

Equation 1

FTE Derupants = Occupant Hours

3

Equation 2

Cafculations

To derermine the number of sccare

bicydle spaces and changing/shiovwering

facilivies requived for tie building, follow

the calenbadon methedology as follows:

1. Identify the ol nambes of fullime
and pare-tiee bullding sccupants.

%‘x}

Caleulare the FullTime Equivalent
(FTE) building f?u.,lﬁpciﬁt‘ﬁ de on

a ﬁrmﬁ&?ﬁ? Hed Tiour oo

a.i f l H} ffm‘
irs. frr b
uae o e i
the FT Eialeulation
averlapwher deco
Ing users.

nmgﬁcr_ shife
i g peak build-

fenit siccuparts; such,
as students, visitorsand pustomers, for
the peak period for the facilivg.

3, Fatimare the Tiams

4. Calenlate peak building users by com-
bining FTE sccupanes and Transtent
GCCUPANES.

5. The minimum pumber of secure bi-

. cyale sprees. b mrﬁd is: e‘qu’af to ‘3‘% QF
this peakbuildi
2} or 15% of the building amu.p;m S
for residensial projects. Secure hicycle
spaces include b szyc% racks, lock-
ars and storageiroons. These spaces
should be easily aceesstble by building
occupants during all periods. of he
yvear, and free of charge.

Secure Bicycle Spaces (noneresidential) » Pedk Building Users £ 0,05

Secure Bicyole Spaces {residenttzl) =

OlpCipants x 015




snbierof changing and
showering facilities tor ndn-resdens
eiad busldings is equal 1o 0.5% of the
FTE. aceupints. Showerlng facilides
can be unit showers or group shower-
ing Excilivies. (See Equation 3.)

... The required

Exaiple ~College Classroom
Butlding

Many vellege baildings house facubey
seaff and studenss, making the calenution
of FTEs complicared. In the example in
Table 1 below, the building occupans
are sz@amtmﬁ inve Rall-vime wpd, pace-
rime usess o simplify the calcohan
The number of persons is mudtiphbed by
the sumber of hours they spead n zrim
building each'day and then divided by B
vo calculate die FTE value. -

Exemplary Performance

Projects may be awarded oo intovaion
point for exemplary performance
rernative transporation, 88 Crediva, by
instituring 2 comprenensive tEhspotta-
tion managenent plan that demonstrates

Hepation 2

Showering Facilities [non-rasidentia

Fabie L Sample Ocoupanny Cakoudd it o

| etidings) =

a guanti il reduorion in porsonl guige
saobile wsé thro

of multiple

he implermentaion

raative sprions,

Spbmitial ﬁmaman&at%m

This crediv is smmmrxai a4y part of the
Dresign Sabaieeal,

The tollowing project dazs dnd caleula-
don infortation i free tordocument
credit complisnce ¢ mmg e w22 Submic
tal Templaces:

LF Provide the FTE occupaney and Tran-
sieng mtcezgm,ﬁ:qr for the p-m}ﬁcf;

lumtﬁm{%} of the
areas dnel shovesr

I addivion, please pirovides
prject daca and eal toulay i f:s?smﬁgzmn
based on. project fyper

Non-Residantial @'ﬁiid%ﬂg&

0 Confirm che quanticy of shower/
changing fucilisies provided and their
distance fromm the building entey.

FYE Crouypants x G005

?’%’”&%ﬁﬁg&ﬁ%{f&%ﬁ%ﬁaﬁ% e e e
Cecipant Type ?&ézﬁmbm Tstal Person-Hours PerDay . SubTotal FTEs
FULL-TVE _
{assuioe § ey
taff 8 &4 :
Facuity T & 48 : &
PARETHAE
{dssnm I Briilay)
JFaculty o . 24 &% &
Stugderst Researchers. - 70 4t o _ 5
' ' TOTALFTES z5
ééiﬁgaa% Type . ﬁéumi}er at Peak Period ' Ocoupant Value for LERD Calculations '
Students -~ 7 318 310+ -
' R Peal Buliding Users o EEs

%‘%E EA éﬁ% %“Q
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Credit 4.2

LS reen Building Council

58

Residential Buildings
2 No additional documentation. s re-
quiired.

ftined Non-Residentialand

Residential Buildings

+  Coanfirm the number of pesidenial
units and residencal FTE occupanes
for the project.

+ Confirm the quantey of shower/
changing faciites provided for the

non-residendal portion of the project

Cand their diseance from the beilding
EHEEY. '
AL (For Projects With Special Qim;;m»-

stances— Any Comphiance Path)

¢ Provide apn optional narsative to de-
sceibe any special circumstances or
smestandard complianee paths raken
by the project.

Considerations
Envirommental ivsues

Theepvironmental effects of auomebile
use include vehicle emissions therconteib-
ute o smog and air pollution as well as
environmental impacts’ from oil exrae-
tion and petrolenns refining, Bicycling as
an alternuive te personal m%:z{, le: apera-
vion offers 2 number of environmental
benefits. Bieyele compuiing prody

ne erssions and hastzerd demand lor

gcimlfmmwlma;cd faels. Bicvele come
TUing also refieves trafhc congestion,
rcdmm naise pollution, and requires
far less infeastructre for readways.and
parking lots. Roadwiys and parking low
produce stormwacer runofl; conteibite w
the urban heat island effecs; and éneroach
On reEn space.

Bicveles are more likely to be used for
relacively shorr commuising trips.
g vehicle miles with bicydling
short trips catties a large environmenial

benehr, since a lage: pordon of vebicle
ernissions acour in the first Fewminutes of

drivingfollowing a cold start, as emisslons
contrel equipment 16 foss eileetve at cool
opeEating inpeiarers

Erionomie lssiies

The initial project costincrease for bike
storage areas and changing fac
showers is wypleally low selative to the

overadl project cost. Building ottupants

can realize health beriefiedthiodgh Bicyele
and walking commupring seategies, Bicy-
cling and walking also-exgiose people o
the conumunity, eacodrag g rteracion

among neighborsand aﬁ{}wmg y for enjoy-
moent of the ared I wayd ¢
automobile passengers.

ailable ©

Hesources

Please see the (JSG B{ ‘J{/m siteat vy,
usehe.orefiesotirges fo ¢ ipe acific
YESCRITORS 0N m::aammi_s soipreis A sidier
cechnical information,

Web Sites
Advanced Transporstivg '?’e@hmﬁagy
Enigsliute

wwwatti-infoore
(427%) G22-3884

& ponprofic organizarion thar ga.e;ivzmms
clean transportation wehmolog
research, educution a '

for i1z order to promote hmhfw envirei-
ment and eneigy indepentence..

. S A
Definitions
A Carpool is an arfangement in whicl
o of mose peiiple share a vebicle tor
RS POPEDIL
Itass Trangit includes tran _
cilicies de;sigmf:ti' tey eranisport large groups
of persons i in a single vehisle suéh as buses
o trais.

E*M:ﬁic' T%‘mspamﬁe# i bus, rail or ol
er uransportacion service Tor the: general
public operated-on & reglar, coninual
Basis that is publicly or privaely owsed.
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Summary of Referenced
Standard

Thete is no stndard referenced for this
credit. ) :

Approach and
implementation

 Establishing alternative fuel refueling

stattons requires the consideration of a
nutsber of legal, vechnical and safery is-
sues, which wary by fuid type. Consider
the following while developing altesnative

" Juel sadon infrastructue:

01 Pol building eccupantsto detepmine
which aleernative fuel vypebs i highest
derpand.

3 Compare the environmental and
cconomic costsibencfits of different
alternative fuel wpes to dereimine
which alternative fuel trpe would
provide the highest benefit:

0 Investigate local codes and standards

for rehueling sations in the area

T Compare different fuel stadon equip-
ment options and fuel .imﬂaiﬂ];m;
Depending on the type of ﬁiaef"nmvg
fuel -provided, equipment require-

mients will differ fo erms of prpense

and complexity of insrallagion. Lack of
availability may Hmic e
providing refueling stations for seme
types of fuels. _

0 Learn aboutthe safery issues assoctated
with alterdarive fuel types. Ensure
thae appropriate building persontel
arg trained 1w operate and: maintain
refeling staons.

Caleulations
Option1.

Equaﬁcm 1

FTE i}s:f:zzg;a oty = Orpupart Hours

feagibility of

To determaine the pumber of alternative

tiors miethodalogy as f

1. Identify the toral muml
and part-time bmldmu uetipants.

2. Caleulare the Full-Time L’;mwalmt
(FTE) bu,ﬂ.h_{_u.;g- ooupants. based: ox
a standasd 8-hour ocoupancy periad
- An $-hour sceupant hasag FTEvalue
of 1.0:while a pari-time occupany has
a FTE value based on their hours per
dmf divided by & i%Le-‘Fquaﬁen 1.
Note thar FTE calenlations for the
projece must be used consistently for
all LEEDY for Mevw Consttuction cred-
its, In bmidmgﬁ Wi{h multiple shifes;
wse only the highest vohime shife in’
the FTE caletdation but consider dhife
overlap when determining ;mak Bruailel-
ing users.

3, Multiply the number of FTE ocou-

pants by 3% o determine the mime

- ber of wehicles and preferred packing
spaces o provide,

£

Option 2

“To determine the mumber of alterparive
fuel vehicle packing spaces requited, mul-
chog spaces

tiply the rotal number of par
1t the projeer by 5%:
Option 3

Tor determine the number
fuel vehicle fusting stariors
eiply the rotal numbdr of parking ¢ Qp&{i&z

i the prodect by 3%,

Exemiplary Performance

Projects may be awarded one innovation
point for exemplary performanice in al-
ternative transportation, 58 Credic 4, by
NS A c:-:}mpmhensivéﬁ’ trEnsporid-

tiotmanagement plan thar demonstiies

aquanifinble reduction in petsonal aito-
mohile use through the implementation
of multipie alrernative optioss.




Submittal Documentation

This credit 55 submitred as part of dhe

Drestgn Submittad.

The following prolec dow and caleuls

tion informarion i regibeed 1o docament

crediv compliance using the v2.2 Submie

val ?Lm I‘&fﬁ?ﬁi:

G Provide the FTE oceupancy for the
proiect.

2 Provide the wtal parking eapadity of
thee site.

In addition, please provide the following

peoject data and caleularion miformation

hased on the appropriag compliandes path:

Option 1--Low-Emitting /Fuel

Efficlent Vehlcles

b Provide projecr drawifizs fo showthe
location(s} of the prefeer g;-f:aﬂ;;;ing
spaces for low-emining/ fucl-ethoient

vehicles.

J Condirm de quantie of §§>W»am;i1§ngg
fuel-etficient vehicles provided. and
their make, maode! and masaficnmes

0 Confirm wheiher each vehicléd iz g
zoro-emission vehicle or enter cacls

vehicle’s ACERE vehicle

LA,
ion 2—Preferred Parking

for Low-Emitting fFuel Bfficient.
Wehicles

L Provide project drawings wo show the
lovationis) of the preforred putking
for Jow-emirting/fuel-clficien:

| preferred

Option 3-Alternative Fusl
Refueling Stations
O Provide project d'mwi{:ggs to show

N

the locarinnlsr of the alternarive el

refuieling starkons.

L Confiem die fuel ype, numiber of

o each

stations., and foeling cap:
starion. for an Shour pumd

AN (For Projecrts With Special Gircum-

stanees—Any Complignos Pagh)

L Provide an opdbnal nassative o de-
seribe any special cirdimstantes or
aor-standuic chmplisnee gaths aden

by thy project.

Considerations

Envvirorimental lssues

Operation of vehiche significanty con-
iributes to glohsl a,im’&gc. d. aif qualicy
problems throvgly die emisdon of green-
Rouse gases (GHGs and othier ?&“@ﬁui&ﬁé&
generated From combastion ﬁzig?jiws and
fuel evagoration. Motor gmoline s esti-
mated. to dceount for 60 percent of all
cashon dibride (4 rpaios O ””3?*}'{:;’? irted in
thee Uliniveed Seag venre, Per-
Grions

and ground-tevel orone, bods

have pegasive effects on |

vishicles produce an ¢
depends on the compleie lieorde of their
fuels and the vehicle swehnolony, For ex-
ample; electric vehldlespenericovero green
house gises (GEGs duding: operarion,
buat the amousit of GHG cmied dusing
the producton of the eleeniainy that thess
wehichs mn on vaesgrealy depeading on
the electiiciersduros, Fonheomore, alterns-
tive fuels may be superior ) corventional
gsodine on thelns of oo polhstang but
carry a higher pollvion load for another
pedlutant, Because the environinénial
benefir of alerrorive Sl and ebernative
wrlinelogy yehictes depend on cammplete

fuelcvche enenase dnd emissions, cars
fully constder availablevehicle technologies
and fuel sovrens hefore purchasing vehidles
or immimg fused sracions:

WE EA MR EQ 1D/
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Econoimic ssuas

Initial costs for alternarive vehicles are
figher thas for conventional vehicles, and
this may delay their purchase. Federal,
srare and local government may offer tax
incentives for purchasing alternative ve-
hicles, which can heélp. offser their higher
initial casts. D;Emmi alterpative fuel ve-
hicles need different refucti i seavtons, and
the couts vary, Hybrid vebicies are gaining
traction in the mar Lug}iaca mh;a& shoutd
suart o drive dovwn their cost. Forfuel-ef-
fieient vehicles, reduced operating costs

oG p&rdm%ie basis cant affset h;ghu: inirial

purchase prices of Bigher fuel costs,

Besources

Please see the USGREC Weby sié at www,
usghe.orgl/resourees fol mare specific
vesoiroes o mareriale sonrees aad arluer
rechnical imformadon,

Vifels Siteg

_Alvernative Fuels Daty Coniter

www.atdc.dos. oy

A setion of the DOE Office of Transpor-
ation Technologies that bas informarion
o altermative fuels and alwrnative fueled
vehicles) a lecator for akernative refucling
seaions and other relared taformadon.

American Council for an ﬁﬁmgy;
Efficient Economy (ACEEE)

WSS CT RIS, GO

Online seaichoble green car guide based
on a combination of fuel efficiency and
eailpipe emission levels. Also offers haed-
copy Green Guide fo Cars and Trucks, an
aruisal publicasion of e American Cout-
cil foran Enétgwﬁﬁi{tiﬁm Et:cmmmjz
CARB Cleaner Car Guide

wwwsdrivecledn éa.oovienf evihome/

indegasp

(516) 325-6169

The California Air Rt:&ﬂura::{:se Board
{CARBY has developed 2 compreben-

California Certified Veh:w}é@g List

www.arb.ca.eov/msprogleovifcevl bim

This site provides a lisr of all vehicles
certified by che California Afr Resources
Board.

Cleas Cities Vehicle Buyer’s Gm:d&: For

Lonsuniers

wwvvcore.ensreveovicleancines/vbe!
The Vehicle Buyver's Guide for Consumers
explaing the Jliefr-rrmsw fueland advanced.
techtiology vehicles, including hybrid and
neighboy lmmi aiua ic vehicles available.
Your can use this site to leamn morea abot
the vehicle technologies: ebtain pricing
and technical specificariong: locate the
nearest alteraarive fuel $tation; tibiact a
deater, indistry expert of manufacaures;
research financial ingentives and laws in
your state; and more, '

Clean Cities Vehicle Buyer’s Guide For
Fleets

voww.eere.energy.govicleancites/vhe/Hees

The Vehicle Buyer’s -ﬁ:ﬁ.i_{i&_ for Fleets is
designed to educare fleer managers and
poticy makers aboutalternative fuclsand
vehicles to help thets detenmine whether
the Energy Policy Ace of 1992 (EPActy
affects them. Use the site 1o figure ﬁyoux
Heet is eoversd under B PAct; obcads, pric-
ing and rechnical specibications for light
and heavy-duty AFVs; find as alteriative
fueling station i your drea; or research
information about stare ARV purchasing
incentives and laws. -

CREST

W, crest, oral iwdmfmn/ iides. ht- 1E

The Center for Renew oy and
Sustainable '%"ﬁchnﬁ}a:)w_ fm_i cél E aned
kydrogen page.




Flectris Aute Asseciation

org

Thizs nonprofir education organization

This ponprofiy educarion arganization

promotes the advancenredst aid wide-
hicles.

spread adopdon of elecirie ve

WL

Electric Dirive Transportation Associa-
tion

wwwelectricdeive.ore

This industey asociadon promotes ok
Hiformaion,

tricvelicles through policy
anel market developmeny Inteatives.
Fuel Eeonomy Web Site

wwrwnd welecotiomypoy fee

This LS Deparoment of Hsprgy site
allows comparisons of cars based on gas
rivileage (mpe), preenhouss gas emissions,

“air potturion ratings, and safery dnforma-

tierrr for new snd used cars and erucks,

Matwral Gas Vehicle Coalition

SRV

The Notural Cas Vehicle Coalition con-

sigts of natural pas e:a:}fz-ngmei:g vehicle
and equipment manufacturers, service

;znzzwiﬁubk environmental groups aned

FOVERIIOEIT organizations.

L=

Rocky Mountain Eastitite Teansports-

thon Page

wwwrml.ore/sitepasesipid [8.phn

This Webk sire offers Information on the
o tranapostation,
vicn aliour Hyper-

epvironniental impac
art ewvensive inforn
gar v hicles,

Uniog of Concerned Sceatiste Cleas,
Vehicle Progran

regystive

vehicles, thi gnvido
comverEiGal ;gft'\; mﬁ infodmation
v the guide Buying
g Hybeidy, and

for chnsy
g Cspdgnsr YVeh
Fael Cells,

act of

Definitions

Aémrgmww Fuel ’%f@%miw are vehricles
ehat faae fawepal hug
such as eleciiciiy,
compressed it tiid turparal
gas, micthanol, did ethapel. Eficiem
gaselecerie hybadd vebichey are Included
in this group for LEEL purposés.
Hybrid Vebdcles are veld
gaspline enginé ey ditedn vlocule genera-
tor and use the elecirs ezt andfor
seoage barteries to §<>a@ +életiric motors
that drive the vehicle’s whesls,

iodive fuele

S FOPANE O

St

SRRl URC 3

Pegferred Pasldng mfosao sparking spots
that ave closest To the wain eptpasce of
the projece, exclusive plspates designared
for handicapped, ob gmfkm?; PASSES
provided at o discounted price.

WE E&_Mﬁ E@ S?ﬁé

C?&Eﬁ zﬁi 3
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Summary of Referenced
Standard

Portland, Ciegon, Zouing Code: Titde
%3, Chapter 33,266 (Parking and Load-
ing)

Hoeallable through hitpe/fwww.poriland-
anline.com/planping/. '

Institute of Transportation Engineers’
Parking Generation, 3rd Bididion

Conmct LEED Cusromer Ga spvice for
details.

Approach and
Implementation

The wetene of this crediv s o inmt graiiabil-

ity of parking as a means of entouraging
the e of alternarive forms:af Eranspo -
tion 1o and from the site. Select a project
sire thar is easily accessible from I’(’:';i'dsi’itft;iﬁl%
ArEds b} bicycle or public tansporation,

Onee the site is selected, diermine the
expecred number of cars Bhely-ro drive o
the site and compare thisnumbeér w local
roning requirements, I parking demand
is expected vo be less than that tequired
by local codes, considerseeking avariance
with the appropriass authorisies th provide
bess parking. Howevet, any on-site parking
redcrions should be carefully balanced
with comminity needs toavoid needlessly
husdening surronnding neighborhoods
with excessive stoeer parking.

Where possible, develop. trangporttion
demand rmpagement strategies i order
to rediee the mumbér of pariurw spaces
required. to meet the néeds of occupants.
Transporration demand strategies may

include thie publishing of an employee

roster with addesses o assise people in

 finding carpool parthens, cieating incendve

DEOEIAMS for carpoaling, prt;vtdmw 4 ride

Eguation

FTE decupants = Occupant Hours

8

3. Determing ]

share boavd, op a&amg p,ukmﬂ* fees at a
Jevel sufficient t6 encousage mz*g&c}oimg

Caleulations.
Option 1wﬁ§mn’~é%$i&§-m§ia§

Dietermine the miniinum gumbe of
parking spaces regirired Flocal zoning

requirements. Total the pdrkmg SPECES
provided for the project {escluding service
lots) and verify that the project parkiog
does noe exeeed the _m&mim.m required.

Determine the namber of spaces 5%
represents (rounding up torthe next whole
mumbery and designate the appropriase
sqquare oot ares, closest o the building en-
rrarice ardl excluding handicapped spaces;
as reserved carpoolivanpoal spaces.

Option 2—Non-Residential

For projects that provide parking for less
than 5% of FTE building occupants:
1. Tdentify the total number of full-vme
and part-time building gocupants,
Calculare the Full-Time Equivalens
(FTE) budding m:cwp it Based osr 4

standard 8-hour mmp&. G pmmd Agr
%% hmér {s«cu;;u&m nm_ 5 FER valu e;§

i

: I TL v aim E“ﬂmﬂd an ihf.,ai" h{)m‘s gm dav
divided by & (x{,é: ﬁqum&n i} N@tn

ings Wwb. mukip noshibts; dst-only t
highest velume 3;'1_ fi.in dhe }'TE calcn-
lation but consider shift overlip when

determining pmk bmldmg Users. '

vided pariﬁmg‘spaaze& 1y le h:m 59% of

FTE ocenpants.,




o prodect parking {Closest o

the buiiding entrar
handicapped spaces e 5%
of the total provided profecr parking
ws reserved carposl/vanpot! shaves,

¢ nnd wndduding

Option 3~ Residential

Mo caloatanions are needed for residesrial
iects beyond what is needed @ coinply
with: loval zoning requirements.

Option 4--AN

No caleularions are requited for chis
comphiance parh.

Exemplary Performanice

Projects may be awarded and innovazion
noint for Exemplary perfosmance in al-
tetnative rransportation, 85 L by
imstieuting o comprehensive anSpOIE-
rion maragement plan that demonsirages
a quantifiable reduction in personal auto-
mobile use through the inplestentation
of rradltiple alwmative options,

Submittal Documentation

This credic iy subimioed as parr of the

Diestgn Submital.

The following project data and ¢
tion information ks requited to document
eredit compliznee using the v 2 Submit-
ral Tempdutes:

2 Provide the FITE occupancy for' the

?ﬁf{:ﬁ;iﬂf‘@:a
& Provide the wial poddng capacity of

el

Iy addigan, please provide thefollswing

dataard crlovlaven iplosmation

o the upproptiate sisniphiance

Gy LN

Db Preseide the u_a;‘w:ﬁ"‘
pood spaces that g

Option 2— Nor-Residential

& Provide the sumber of curpoat/van-
pool spaces that afe on-gite.

Option 3—Residential

O Peovide a desoripiion of the infra-
STIUICTLR prog ramms | e i place
tek support and prow cshiarinig.

i tequired

Ctrenrde
: :g'\’(;é EE}}

scribe any speciel ¥

nop-standind cding
by the project.

fsice parhs vakes

Lontlderations

Envivonmantalissues

3 prvater s omohibes
_ nmendal
orvshile use,

Reducing the
2]

saves efgrgy and

oroblems asseciateds

sprvironmental b
aetin and
envbronnental

ai b

I omies o

[

co home instead of dite-

swsion of

asotine perday

Es
for sntornobitles also bave
negative mpacts on the enviromment,

WE EA AL
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sinceasphalt surfaces increase stormvviter
romaff and conteibure tourban beat island
effeces. By restricuing the size of parking
letsand promoting carpooling, buildings
can reduce these effects while benefiting
from rediseed parddng requirements and
meire and healthier green space.

Eronomic issuey

Carpooling reduces the stz of the park-
ing areas needed to sapport building oc-
cupants, allowing the buildiig 1o accept
mare occaypants withour enlarging the
patking area. It helps reduce the cost of
land added for parking us well as infra-
stracrure needed 6 support vehicles. Re-
duction in patiity areas dondecrease the
amount of impervicus surfaces b a sl
This may resule in redu
charges, as some local wi

O storiaer
es charge: for
stormywater based on impeeviows surface
area. Also, many municipalites and stace
governments offer wx incentives for cars

© pouling programe, siace fewer cars on the

road reduces polludon; walfic congestion
and wear and wear w roadways:

Resources

Plesse see the USGRE Wb sire atwunw,
usgbc.osplresources Tor more specific
resourees on matediils sourees and other
serhindonl forhssian.

Wel Sthes

Advanced Transporiation Techoology
Tosditnge

www.arti-into.org

{423y 6223884

A nonprofic organization that advances
fean vansperaton technologies through
researthy education and wechnology tans-
ferin order o promote o healdhy enwiron-
mentand energy indepeadente,

Definitions
A Carpoel s an arvangement in which,
two. or more people share o vehicle for
FAnsportaton.

Preferred Parking tefors 1o the parding
spows that are closest ro thie niain envmiice
of the projéce, exclusive of spaces des-
ignated for handicapped, o 1o parking
passes provided ar a discounsed price.
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Summary of Referanced
Standard

There is po standard pferenced for thic
credif,

Approach and
implemeantation

fe-

Preserve and endiance sararal die o
ments including exiseifg warer bodies,
soll conditions, ecosystems, o1
other vegerarion. [dendfy sppormnit
for site improvements that increase the

ares of nanivefadapted vegemtion or other

ecologioally appropriate features. Act
ties may inclide removing unnecessaty
paved areas and replacing them with

3

landscaped areas, or replacing .cxcessive.

nref-grass arcas with native or adapred
plantirigs to promote biodiversity and
provide habirat.

During the construction process; establish
dearly marked conseracdon and diste-
barce boundacies and nore chese dee
protection requireinents i construction
docurments. Delineateday down, recyeling
and disposal areas, and use pavediasias for
staging activities: Erectconstruetion fenc-
ing around the drip line of existing rees 1o
protect them from damage and soil com-
paction by constuesion vehicles, Consider
thie costsfbenefits of conrastual :pm’i alties
i destruerion of protected areas ouiside
of the construction boundaries eocurs,
Coordinare hasrgotuse construction
to minimize the disraption of the e and
work with existng ropography o loaie
cut-and-Alf effares for the project,

For ugban projects earriing 58§ Credic 2,

consider installing a vegetated ronf. Select

narive or adaped, non-invasive species, -

and ensure that the oof structige is de-
sigmed o suppurt the added weighe of the
planting beds, Research dhe species that
are likely to gtilize this space (primantly
birds and insscts) and selece plants thar
will help supporr thess speties by provid-
fng foed, forage of testng ateas:

Caleulations
There are no caleulations associared é\f-i_;th
this credit.

Exemplary Performance

The project may be awarded one inndva-
don poime for exemplary pertormance
in restoring of protecting 4 minimutn
of 75% of che site area {excloding the
building footprint) with native oradapred
vegetation on. previons developed or
graded sites.

Submittal Documentation
This credit is submiteeid 25 part of the
Constraction Submireal,

The following project data and caleula-

viom, infermarionisrédguirdd o docurent
credit compliznes using:che ¥2.2 Submir-
val Templaces:

L Provide rhe project site area.

LF Provide the prefect building fovtprint
areq.

U Provide a narrative describing the
profects approach o this credi. In-
clude information regarding sny spe-
cial circomstances or considerdtions
régurding the project.

In addition, plesse provide the following

project data and calalaion infortiation

based on the appropriate compliance path:

Greanfield Sites

o Provide a copy of the project’s site/
grading drawings highlighting the des-
nated site disturbance boundaries.

Previously Developed/Graded Sites

© Provide the area (sqft.) of the sie dhit
hias been restored using native aidfor
adaptive planting,

& Provide a copy of the projects sice/
landscape plan that provides iriforma-
tion. regarding the restored sice area
and the planting materials,




Considerations

Environmental issués
Development on building st ohen
damages sire ecology, indigenpus planes
and regional and

b populipians, Teolog-
cal siee darndge can be reduced by restor-
ing native atwd adapred vegerazion md
other Luﬂﬂgmﬁi, appropriate et
ehe siee; which in oo g};{mém ;
for fauna. Othier Lu;}ﬁgsmﬁig‘ appropria:
features are narural site clements beve
vegetation that maintain o resed
ecolopical imtegriny of the site. inw 1
include wates bog
gmtmé; o Gehrer el e 110
the hissoric natul iiﬁi-‘%'ﬁifémg?ﬁf within the
region and provide habitat value, When
consiricton Gocurs o the site, protecdon
of opn space and sensitive areas through
the use of sirics boundasies reduces dame-
agie v the site ecology, resuliing inpreser-
vatlon of wildlife corrddors and habitar.

Eronomie Issues

Mative or ada.g:u:m:% plan@iugﬁ- t@:‘_"‘mii'ﬁj;f

s e

trees gms:i vegetation masm <)
costly te purchase and oy ot b
trapsplanting, Addivional troes gn{ othie
fandscaping, as well as soil romedistion
atgl warer :i ermefss, can inour %W €08Es,

Es‘ m%‘}! 1‘ o &

G GWey Ehm,
shade the In

during warns mm‘;fh@ ared i‘i‘diiuﬁ mf,ww
expendimes,

Resourcas

BEND i%h

gEe b ot resouries =i€'§r spe speciii
resturoes i materials seilsasand other
weehinicad Intormation.

Wieh Sites

American Society of Landscape

Architects

WL

’bfma T‘éf(){i‘j%«f&? SENVICES, uué..?ﬁ.uz,zzéﬂnza
and everis.

Ecologival Restoration

hetpa/fecologicalyestoration inlo

This quarserty pring and on
don from the Universit of
Madison Arberebun pros
for peaple esresred b all
ecological restofation.

Lady Bird Johnsan Wildiife Conter

wwsnwlldBowernone

= publica-

SECOHISIN-
i foram

The center, locarsd in Ausein, Texas, has
the mifssion of sducariag our the
envirorimental nedessity, ebonbmic valae
s nitusal beauty of netive planes. The
Web siee offers 2 number of fesources,
inchuding & mationwide Mative Plant
15:m§a}{'n1”ss:iem MNerwork and 3 National
Suppliors

Morth American Nm:m Plant Soclety

Doy
A n{}'n;}r{;ﬁt associatio
ii}fs amuyg cogis {fz"gg{;;}r i §z:w o

sociafinns.
Plany Mative

v plan

o roving
étt‘\w“ 5?3;‘;%« si?i; (FRARE SIS am;“ 'ﬂg Emtéy
g@a’;%et}' for }Eﬁ:ﬂ%{:g%ca% Hestorairon
Toteriiationatl

WEAWECROTY
Nenprofit cansortiam of seitadsts, plan-
ners, administraiors, ecclogical consol-

WE| B4 [ mR[EQ 10

Cragii 5.1

b
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Credit 5.1 j

LS. Creen. Budiding Counei]
72

tants, landscape architecrs, engineers, and
athers with the mission of promoting eco-
logical restoration as a means of sustining
the diversity of life and reestablishing an
ecoslogically healehy relationship bevween
nature-and culoare,

Sl el Water Consérvation Sociery

An organization focused on fostering e
setence aad wrt of susminable sell, waoen
and relared natral resource managemen.

Prigyt Media

Leswgn for Huenan Fcosystems: Landseape,

Land Use, and Napsral Resonrees by Jokn
Tillpnan Lyle, land Press, 1999,

This vexe explores mechods of landscape
design that function like natural ecosys-
TS,

Landseape Resiovation Huvlbook by Dor-
alel Hlarker, Mare Brans, Gary Libby, Kay
Harlees, and Sherels Bvans, Lewis Pablish.
ers, 1999,

This resouree is 2 comprehengive guide w
nattetal landscaping and ecological resto-
ratton, and provides infonmedon on 21
different ecological restoration eypes.

Definitions

The Beilding Feotprint is dhe aren on
a projeer sire thae is used by the build-
ing structure and is defined by the
perimeter of the buflding plan. Parkiog
lows, fandscapes and echer non-building
facilities are not included i the building
foaipring,

The Development Footpuing is the area
o the project site that-has been impacred
by any development activiey. Hardscape,
access roads, parking Jots, non-building
facilities and bailding structure ave all
included i the development footpring
Greenfield sites are those that are not pre-
viousty developed or graded and remuain
in 4 patural soee -

Local Zonkag Regairements are lo-
cal governmenr. regulations mposed
promose owderly development & private
lands and o preven fand use conflicts,

Native {or Indigenons) Plangs relers
w planes adapted o o given area ﬁuﬁéng
4 defined tme period and are not inva-
sive, In America, the winn offon refers @
plants growing in a region prior wo the
rime of sertlement by people of Burepean
degoent,

Adapted {or introduced) Plants are
those thar reliably grow well i3 a given
habitat with minimal adention from
bumans o the form of winter prowection,
pest protection, water Invdgation, or fertl-

markon ence root systems are established
in the soil. Adupred planisare considered

vy bre low madfgenaies bur nor Bvasive.

Invasive Plants arc both indigenous and
nen-indigenous species orstraing that we
charactetistically adagrable, aggressive,
have a high reproduceive capuacity and
rend o overrun the ecosystems.in which,
they inhabic, Collectively they ate one
of the grear theears w biedivetsiry and
ecosystem stabilisy.

Open Space Aren is as delinid by local
roning requirements.  If local zaning
requirementy do Aot dearly define open
space, it 35 defined for the purpoeses of

- LEED) calewlasions as the properey area

minus the developmene footpring and
it muse be vegetated ind péivious, with
exceptions ouly as woted in dhe eredic
requiremnent v B projects locared
i urban ars ars $&Credit 2, open
space wlso tncludes non-vehiculys, pedes-
trian-oriented burdscape spacey,

Previowsly Developed sices ars those thar
previously contained buildings, roadverys,
parking lots, or were graded oralered by
direct human acovities.
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Summary of Referented
Standard

There & no standard referenced: for chis
credit.

Approach and

implementation

Choase a development fporprine and
location thar minimizes disturbance to
the existing ecosysteny, u}ms&m issues
suchas buﬁzimg otfentation, daylighting,
heat island effeces, stormwatér genera-
tion, signiffcant vegeration, existing green
cortidors, and othér sustainable building
issues, Opee the site aned building loca-
tion have béen detenmined, design and
construct @ cormpact parking, road and
building footprint fayout fn order to pre~
serve open lend and pmvse{e CORIeCTioNS
roradjacent ecosyrrems, Reduce footprings
by tightening program m‘i,ds and stacking
floor plans,

T a compass seetingg with no zoning re-
quirements, designared oper: space tha
is equal to dhe building foorpring can be
separace from. the project site:as fong ds
the.open space s preserved as such for the

fife of the building.

When designing green, roofs, atention
muse be given to: support, wat
irig and dexinage. Green! foo]
include a warerproof and roet
memibrane, @ drainage syy
cloth, a lightweight growing o
plages. Modular systems dre availible,
with all layers pre-prepared i mevable
interlocking grids, or individual lapers can
be installed separarely '

mpaiimz

f‘fses

Open space in‘an urban contexr that

‘includes hardscape surfaces should be

Eéqaﬁm‘t i

c?r;:t}:m:f» _

'ésﬁsm;ﬁszﬁég'='?éé'§isaeémn%c§:" =

pedescrian otiented. and accessible, and
provide for passive of Active. i
spportanities, Examples’
space include pocket parksace
decks, plazas, and couregard

Calculations

Option 1

Dierermine the zoring ;“@qui;fmmm tor
opén space, Ser-buck requirements and
lot coverage rc,qum,mmﬁs only qualify as
open space requirements i this areas chey
set aside are sequired to be vegetared,

Caleulare theapen space required for this
credit as shows in Equation 1.

o

Option 2
In cases where timm I8 a0 i(mzﬂ ZOMNg
requireiment, the: (}p spacerequirement

is equal o che building footprint,
Option 3

I cases where local codes require zerg .
open space, determine the toral projeot
sive area and multiply by § ”f} ta dmﬁ‘%‘—'

riné the apen space mqua i
achievenient, a5 xiwwn e E mmamn 2&

This requirement can be Fret thraigh-open
space provided at giade or ot the ool

rha ATOUNE x;f f:rpm 87
credit’ admwtzmc,m, Mf ¢

b{}lﬂh’jﬁ%i‘j{i .Ft::'}" emm}}ié,
cal zoriing requirements

Total Doen Space Reguited =Open Space Required _E}y'Zoﬂiﬁg'.x 125

Bguation 2

Total Opett Space Requited =Total Project Site Ares x 0.20




instead of by seofects wikth ne Jocal
roning requircinents mivst pravide apen
pace equal fo two times the building
footpring and wiban projecs where zero
dipen space-is requited mist provide open
space eoual to 409 of the siee area.

o § L ey g iy » G

Submitial Dotumentation

This credit Is submbted as past of the

Diesign Submitzal.

The following projecr das and cdlagia.

tion information is required to doguiiert

ereditcompliarice using the v2.2 Submie
tal Temrplaees:

L Provide the project siee area,

23 Provide the project bullding footprine
arca.

L3 Provide a copy of the preject’s sive/
landscape drawings highlighting che
dedicarcd vegetated open space.

U Provide an optioval narrauive de-
scribing any special cirenmstances or
considerations regarding the project’s
crediv approach.

I addition, pléase provide the following.
project data and caleulation information
baged on the appropriate sompliance
paths

Option L

L Provide the ares {seft.) of open space
requited by local zoning. codédfendl-
Tranca,

=4 B w;ak-sh{ ared {«.a; ii} af &ha Wﬁg»

._.w,%}: E- of -the veg-
Vopien space provided

i’}} the pf@}a'f&e

Considerations
Frvironmental issuss
Cpery 51

T, Wi
local wildife. Evo
b areds can provide
populations, whiz:h
ingly marginalized. B
support local spec
ather pollinarors can b
tions up the food chain.
helps reduce wiban
incroases stormewatet ol
provides the hutras populatioron the siee
with & connection to.the autdours

Tor
yrovices Babivas

ok 1 e fme%m habsivar f“{}r

soace also

4 effect,

Beomomiv Issues

Preserving topsoil; plangs and trees on the
site can reduce andscaping-coms for the
building. Even i cases where renr valies
aré high and the nceative {or building
out to the property lne fs a0

designed open spave can
merease property vadues: H
faotprine of 4 sericraron
heave varvingeconioiicd
a vopiest sernenre Wi
foutage as 4 iﬂ.zm-im,

ﬁaikimg
ki squdte
ructe may add
it
revoith
enerdily more e
edhnced ma-

an ijméﬁéii‘w St an
a srnaller footprine
source-efficiens, re
werial and emerey «

cant reduce inttial projeas coses g well as
s, M-
dusced enrtboworl, shorrn ey arich
redueed ¢ ssiﬁm parking and paved areas

-%N [t

aperations and maimionaie oo

uiw(& ;E ey 3&‘“%»?‘ LR {,g}ﬁ";v

pact paving arcas and, bulldings redice

aperations and maing

A SRS

Resources -

r:’gt--‘i e see the WSG

)rC ?ii”ﬁ

FESOLTCOS G
i:??uzm?s:&f Infori: Ezit’}{}
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Credit 5.2

UiS. Gresn Building Council
ki3

Web Sites

North American Native Plast Society
wwwranpsorg (416) 651-4438

A nonprofit asochirion dedicated w the
stridy, covservation, culrvarion and res-
raration of native planes, Containg links
to starefprovinoal associgginns.

Soil and Water Conservation Society
arg (515} 289-23%1

An organiztion focused on fostering the
science and arc of sustaimble sofl, waer
and related masyral sesouree nanagement.
Geeen Roofs for Healthy Gides

W,gmmﬂmi%. B

A noaprofit industry asserarion consist-

ing of public and px‘i&émﬁ_ oEEAnizaticns

and individuals scommiteed ti}:gdévai;;}'}%ng
a market for grden roof infastucrure
products and services in citiey across
MNorth America, -

Print Media

Beyoisid Prevérvation: Ressovivig and Bivent-
g Lardscapes by A, Dwight Baldwin
er al., University of Minnesota Press,

L1994,

Besign for Human Ecogystems: Landscape,
L Llse, wmd Natwrad Resoarces by john

Tiltman Lyle and Jodn Woodward, Mill-
dale Press, 1999,

Landseape Restoratipn Hanilbook by Don-
ald Flarker, Lowis Publishers, 1999,

Definitions

The Building Footprint is the aren on
4. projece sive thar iy wsed by the build-

ing strocture and is defined by the:

perimmeter of the building plan. Paddng
lows, landscapes and other non-building
facilities are not included in the building
foorprint.

The Development Footprint is the area
oti the projecr sive that s been impacted
by any development activity, Hardscape,

 fachiicies and building o

access roads, parking lots non-building

o areall

included in dhe developmene floogpring.

Greenfield Sites are those that are no
previously developed or graded and re-
riadn, i a naoiral stave;

Local Zoning Requirements are lo-
cal government regulations imposed 1o
promae orderly development of private
lands and 1o prevent land use conflicts.

Native (Indigenous) Plants refers 1o
plants adapred fo a given ares during &
defined time period and are vot invasive.
T America, the term ofteit refers o planes
growing i 4 region prier o the Gome ol ser-
tément by people ﬂf:_fiu;r{}péaz“x descent,

Adapted (or introduced) Plants are
those thar refiably grow well in o given
Habirae with minimal aitention from
hizats i thefonm of winter protecdon,
pest protection, water inggadon. orfertil
bzation once roor systems are established
iy the soil. Adapud plants are considered
w0 be low maintenance but not invasive.

tuvasive Plants are both indigesous and
non-indigenops species or sprains that are
characreristically ;-k.ga@:eg&hie_, aggressive,
have a high reproductive capacity and
tend 1o overnun the ecobystems i whiich
they inhabit. Colleerively they are one
of the grear threats e blodiversity and
ecasyseemn stabilion '

Cipes Space Area Is as defined by focal
zoning reguirements.  If local zoning
reguirernents do not clearly:-deéfine open
space; it 1s defined for the purposes of
LEED eafculations. as the, property drea
minus the development. fosrpring and
ix must be vegerated and pervicls, with
exceprions only 4s noted in the credit
requiiremants section. For projects located
in urbap areas that earn 88 Credit 2, open
space also includes non-vehicular, pedes-
rian-oriented hardseape spaces.
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(15, Green Building Courcl

B

s,

Summary of Referenced
Standard

There is no saandard mfummé o this
cradic,

Ayp&'@a@?ﬁ and
Implementation

The approach to this Lfﬁ{’m By vary
significandy depending on thescondition
of the project site at the beginning of the
project. fthe project is being sonstracted
on a largely undeveloped sites the goal is
v preserve stormwater Jows and éé‘:igm-
the project 16 respond 10 the navasal soil
canditions, hebizaz, and vanfall d“m; g
teristics. I the projectis a redevelapment
of a prwimmlﬁj developed sire; the g .gﬁf,{i s
topically roimprove stormwate mm.zge}»
pient in a way that restores the matueal
Funcrions of the site to the mazimum
exrent practicable, '

Theapproach to this credit alsorvaries da-
smatitally Between differsnu reglons and

climite zones, The strasegies Cmpf()wd
in wyawrban environment where water is
discharged 10 concrere thﬁmneis and then
thie ocean arg differens from thie Strategies
employed a an infand site thae discharges
vera small stream anid lilee system.

The most sffective method to mibimize
stormwater runoffvolumeiste réduce the
amoimt of impervioys aren. By reducing
i-mpéwi{}m; aten, stovhvwater nfrastroc-
nare car be minimized o delered from the
project. Strategies to minirnize 6r mitigate
tmipervious surfaces may include:

2 Smaller building foorpring
Lk Pervious paving matérials

U Srormwater hasvesting' for vense in
irrigation and/or buildings

Creen rools

Lo

Bioswales/veperared filier stripy

Rewmngion ponds

O

Clusrering development to reduce
paved surfaces (roads; sidewalks; eec)

may be used trredu

Guidelines for Capturingand
Reusing Stormwater Runoff -

Seormiwater: mgymmé {05 harve sted) in
cisterns, rain. bamxls wr oihier! devies, iy
a primary soutce of water in many pat trg'
of the world. Stosmwarer should not be
used for poable needs i there are sources
available that pose-less risk to public
health. Howevey, harvested stormwates
‘poable water needs
for uses such as landicape irigation, fire
suppression, toilet antl wrinal Aushing,

and custodial uses.

‘i.

ues mﬂére from
pain bari‘tﬁs} 0
nay h{)id.i&fg@
atge of small,
stem designs

Storage and reuse techini :
smail-scale sysee {ed
underground: \J‘ii‘t‘ilﬂ th
volumes of water, W
stormwater harves

when will ick
it the wa

.rgmf;tli st h& dﬁfﬂi’ﬁuﬂui,.

2. medcwﬂwsztmfagﬂ system, désign

3. Dimifage -ﬁ;!,"%’ia;—fth‘(;‘, size dnd Hature
(e, petcent Tnpervioasness) of the -
area deaining to the storage g ét‘czﬁ"é
determines how much mmﬁff WEI§
availalde for hawcmng

4, Conveyance System-—reused storims
water and graywiter systems must
net be mm}umd v wehier domestic
o cotmmeicial porable water systemis.
Pipes and storage units should be
cleatly marked (e.g, “Caution: Re-.
claimied W&Lﬁi,‘;ﬁ'{)d._ﬁm f{i}-ﬁimk’“ T,

5. Pretreatinen mwss::mem oF ﬁ:is:ezs may
be used wo- sephove; ?:ms and sedi-




ot from maoll aad o minimize
pollitans.

6. Pressurization-—gsis for harvested
rairwater may require pressurization.
For example, st litigation systems
refirire d water presiur: {35 at ¢ feast i3
il to Function properly. Stored watet

has a pressure of 0.43 psi per foor of

water chovation, aid the water pros-
sure st the botrom of a wa-foor vauli
would be 4.3 psi (10 f. x 0.43 psi).
Pressortzacion (e.g., d pueng, pressire
varle and Blrer) costs more and creares
# mote useable system.
The amount of runoll reduced by a
srormwater harvesting syscem tay be
considered equal 1o i storige volume
Hewever, volume caleulations must also
comtsider how often the system Isempuied
anch the nrerval berween storm events,
Exarmple:
Hatrswarer will be harvested from 2 18,0068
s fr. toof (100% imporviousnessy, The
system will be designed ro caprire che
eunoff from 90% of the aversge &mxmi

sainfall (1 inch of rainfall
rersheds), The m!aﬁm o thie

Gy Hunid

L;ﬁ@ﬂlfiﬂ {Vr), which is u&im tared below
in Bguation §:

Oveher design consideraions - tank must
be empried before subseyuent storm
events. Lse a tank that i 10 B x 18 ke x
8 deap Toaal srordoe wolime {\f?) =

BB cu.te Using a deslygr storminserval

of three duys (72 houds), the drowdown

Eguimtion 1

pww:yam&
storage’ system is the amonn of nuol?

e () Is caloulaged below in Equa-

o 2

fax this exs
drained wi
rate of 1.4 gpmiforthe koo be empried
for the negesonn..

hreaproved ralemust be
avedr &t 4 mibnimiee

Different muni *§m*:’s§m stage and lo-
cal governmenes havk various design

requirernents for capturing and reuse of

seormwater runedl, These regusirersents
range from where stariivas may be
caprired and wied o leagth of vme
stormwater can be held inoe clstern, ©
the type of wirer eredtment vegiived be-
fore rewse, Designess sholid check: with
the governing adeministative sudhority
to determine pararideers which wilt af-
Fecr collecrion, wse, and diig
captured stormwater

Calculations

There are vwo complh
credip—pie for
afwd ong for b

Option I~~Existing imperviousness
i Less Than Or Equal To 50%
{Largely Undeveloped Sites)

Option t-a: Dischdrze Rate and
Quantity '

Determine the pre-developr
rate and quantty fof ty pro
values ave typically cabdulnred by dhe civil
enginger usity the sidfios characredstics
of the site and diea o stonm event fre-
gueney, intensity and duradon Caloulate

E d i gdmfgz,@

These

Faution ,5{* o ;zz?m Nm}r‘fs:?ﬁs?ﬁ tor wa%&r&m?gﬁr Adurseal, Vol 18 ?ﬁéfaﬁ{}zﬁf E@ﬂﬁ}

Eeabiond

e

Cradit 6.1

Berion of

o <80CE/ . L opod ooy 137 spm
‘ o &

LEED for New Construction Version 2.7

7%




Cregit 6.3

E

.5, Green Building Coundl

gu

rate and quantity for the one-year and

rwo-vear: 24-hour design storms,

Dererming the post-development dis-
charge rate and quantity for the preject
consistent with the pre-development
calenlarions. The posedevdopment ruwe
AND quantity miist be equal o or less
thanrthe pro-development values vo eam
this eredi.

Option 1-b: Stream ﬂham’sai
Protection

Describe the project site conditions, the
messures taken, and controls imple-
mented as part of the project svbpe that

provent excessive stream velogities and dhe

assovtated eroston. Inclede o dhe desedip-
don sumerieal values for g
ment and pose-developrment. conditions
oy deronzerate thar the e and ATty

of stormwater runoff i the postdivelop-
el valaes

ment condition are below
for the relevant recelving waterways.

Option 2-—Existing impervicusness
Is Greater Than 50% (Largely
Developed Sites}

Dietermine the gr&wdﬁ'ﬁiﬁ;}mwﬁ discharge
rate aned quantity for the project. These
values are typically calouiated by thecivil
engineer using the surface characeerstics
of the sire and data on swem. svent Bie-
quency, intensiy, and damdon. Caloulaze
rate and guantity for the one-year and
wosyeat, 24-hour design storms.

Determine the pose-development dis>
charge rate and quanticy for the project
consistent with the pre-development
ealealarions. The pose-developrment rate
ANDY quiastivy must be ar least 25% less
than the pre-development valies w earn
this credin '

Exemplary Performance
There is fio exerplary performance point
available for chis credis

sedivelog

Submittal Documentation
This credic is submitred as pare of the
Dresign Submitsal.

The following project dara and caleula-
IO éa%;mﬁti(m is required to documest
credit compliance using thev2.2 Subrait-
tal Templares:

Option L

03 Provide dhe pre-devilopment site run-
oft rave {cfs).

3 Provide the pre-development site run-
off quantity (cf}.

0 Provide the pose-development site
runoff rate {cfs).

LY Provide the posi-developmient site
runotf quantity (cf}.

OR

Gh Provide s necrvive deseribing the proj-
eck sie coneititne, measures tuken,
and eonerols inplemenced to prevent
CEEEESINE STTeAm v&k}m;m and associ-
ated erosion.

Figure 1 (Source Figure, L4}, excerpred
from the Mary?and Stormwater Design
Marnual, *CL?@% s the potential increases
in critical discharge rase frim dev

ment.

Uption 2

G Provide the pre-development sive run-
off pave (efs),

0 Provide the pre-des
off quantivy b

h}pm STYE S

3 Provide the post- ~develppment si
runeH rae (ke

O Provide the pestedeve
runoff quantity (<f}.

prent sl

Considerations

Environmental lssues

The mtent of dhiis crediv 5 wo limis the
distuption of the naruralstormwarer flows
chat resulty from development. Undevel-




e

Figuse % bncreged Frequibnoy of Flows Grealdr than the Critheal Dlscharge Rate in 3 Streom Chanmet

afor Develppment

e Bow {(

14 |
o 10

oped fand has a cermin copaciy to absort
raindall in the soils, vepeiadion and need.
Clearing of vegesation and/ot comsructos
of tmvpervics surfuces (Le., roads, parking
tors and buildings) reduce the capaciyy of
the land to absorh rainfall and increase the
anvowne of stormwater Tunofl,

As areas are constructed and urban-
ized, sutface permeability i reduced,
resulting i increased stormwarer pugolt
volumes thar are tmmg&mmﬁ via. urhan
infrastructure (e.g., gotters, plpes and
sewvers) to receiving warers, These SEOLEN-
witer volumes contain sediment and
- ennraminanes that have a negative
impact on water quadity, navigeion and
recreation. Furdbermore, cotveyance and
przarment of stormvder voluines requives
signifeare municipal infastrico

wh assiar
: Bows.
T pddisre ios do et
b to %%f: corveved 10 receiving waters
by die munigipakioy, and reecivimg warers

ETLTITYWHESY u)!*

arE 5?*{;;&-‘-“{..11 ;Ex

metry and health of streams
is closely linked to stopmwarer runolf
weloriries and volames, Tnorsases i vhe

figisd

Freguency anid magohude of soreviaicr
vunefl due to dovelopment can cause
incressed bankfull evenry. Av a resuly,
the strear bed and banks ae exposed o
highly crosive Sovws more Beginmiy and
for lomger perlods. The resaltant apaces

Y mrézzm chanpel-widening or down-
entring or both,
Figures 1 and 3 (Sonrce Figurey 1.1
and 1.2}, excerpred from the Marylana
Svormwater Design Manual show the
ipact of dev “’if}gmms @f SEOEIIWALEY
Fors- el the oredge in
runoff cocthicient as ¢ Rmction of @i
TP TVIEUSEEES,

Eeomomic lssues

o lewigned
é“c »;mgng of

IF natural denbmage svat

apaed m’gpuimzmﬁ ar i
siie g;mmung oretedd eco-

: : OTINENL.
B Features
Larioony andd
Sty can

EITETICS

‘«3@‘;‘-@{;&2“ detoniion and

requite cose for g
PTG,

i plins
STORITTWAISE S B CalIYENE ?333’3“*
oy che bw;:,m on mtnicipalities
srance wwd repaiy resulting in a
vidable snd stable wx base.

retss fegss

For mvain
rensrer bl
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Figure 2 Water Balance at a ibwe%@ge.d and Ursdeveloped Site [Source: Sehugler, F987)

Credit 6.1

LS. Green Building Coungl)

g2

WATER BALANCE
m&-ammwswﬁ g Lariopy
iw i Interteplion

W

¢ mmf%@
W % ; Basefiow

sﬁess?»t}ﬁwwmm%%
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Figure 3: Selationship Beiwﬁa‘:ﬁ ipervious Cover and the Volumsirie i&uf‘mf‘f Corftigient {*’:Emzrw

Sehueler, 1OB7Y
i S
: Bamotf Coefficient Ry}
: it ooy
=4 ?rﬁ?’&'
B %
ﬂ'y ‘VJ\( e
R e "
ot
gy & g
. i
"

i

HE o R

Waterthed roperviousness (3%

et 2L B e

Synergies and Trade-Offs

Stormwater runoff s affected significantdy
by sice wpegraphy, site design, zmd espre-

cally quantivy of impervioos sarfice arex
o support mansportation dimenity design.
It may be possible o rewse stormwates
for non-peotable water purpeses such ag
Rushing urinals and toilets, custodial ap-
pi;ma’mn s and building equiprient uses.
1 is helpfid vo performi a water balance to
determine the estimated volivnes of water
dvailable for reuse. Stormwater raietf
volumes can also be reduced by designing
the building with underground purking,
4 stiutegy that also reduces heat' island
effects, Pervious. paving systems isuaily
have 4 limit on transportation foads and

may pose probilems for wheelehair acues-
sibiliry and straller mobilicy, I stormwater
volumes are tieated on sie, addirional site
area may need w be disturbed w construet
treatmignt ponds or underground facili-
ties, Application of preen roofs reduces
seopmwater volumes that may be intended
for collection and reuse for nonpotible
applications,

Resources
Web Sites

Pleate see chr 158

N

SGROC Web sie av werw,
usghe.orgfresources for more specific
resources on-fmaterialy sounrces .smd ather
tochnical wiformatitn,




Stormwater Best Management Practicy
Dresign Guide, EPA/GOO/R-04/121A,
S .

Pl

i
ernher T4,

H

i epde oy O T INRY
GOUA T2 60004 121

Maryland Stormwater Design Manual

e, g/ Proeraing/ Wa-
rvea el Seosrnwennen!

WL N E, S LR,
terfromransd Sediy
stormwaterdesiendinder.osp

Defnitions

Tmipervious Surfaces promote runofl of
precipication vohumes instend of indiliva-
ubsurface. The Imperviots-
ness or depree of runoff potential can be
estinmated for different serface materials.

iy dng v

Stovmwater RunodF consias of warer
volusnes that are oreared during precipl-
ranion events and How over surfaces into
sewer Systems of receiving waters. All
precipitation waters that leave project site
boundaries on the surface are considersd
o by starrpwares runoff velomes,

WE| EA MRIEQ 1D
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1 n;a(éﬂf punoff b

Summary of Referenced
Standard

Guidance Specifying Management
Measures for Sousces of Non-Roint Pol-
B in Coastal Wasers, Ja&aa}:‘y 199%
{Diocumens Na. EPA 8%%:61%%2{:}{}2}
Interner location: www.epagoviowiow/
nps MG

Hardcopy or microfiche fentize docusiient,
836 pages): Nattoral '}L:"s':cii{niciu}:Inftjfmw-
tlon Retvice {order # PEOI-234672):
www.ntis.ooy, (800) 5536847

UG, Environmmental Protection Agency
(,}{:ﬁm of Water: www.epagov/GW

This document discusses avarfery of man-
agerment pracrices thar can beingofperaed
o remove pollutants from stgrrwates ‘ml

umes: Chaprer 4, Pare {1 add
runoff aind suggests 4 variety of
For treating and infilirating ‘\thHWATEZi
wolumes after construction ¥ complered.

See the Resources: secdion later in- this
credit for a summary ofbést management
practices fisted in the EPA document.

Approach and

Em@ﬁemamatmn

This credit may be achioved using cither
non-srructural or stuctural siepwaier
asagerment measures or & combination
of the two.

Won-Structural Measures
Mon-smucnral seeategies, such as vegera-
ed swales, disconneetion of impervious
areas, aid pervious pavergent, cin be sised
to promote infilration and limit runoff,
In these cases, yous are “capruring and
' aﬁmwmg it to nuiurally
filger tnre the soil and vegerarion. Pollut-
ants ase broken-down by microorganisms
in the soil and plants.

Shructural Measures

Srructural measures, such a9 ranwater
cisteing, manhols exemenit devices dnd

Ag part of the stormwa

pm”yds can be used to remove pollutants

SENETITES fese ihtﬁ A
arbuilding flush fineures.

Non-struceural measures ar¢ often pre-
fereed because they may beless cosdly to
construct and maintain and diey help
recharge groundwater supplics:

Seruceural measures are preferred on ure
bas or constrained sives and make it pos-
sihle 1o effectively clean the runoff with
mininal space allocation and land use.
For existing sites with greaterthan 50%
imperviousness, struchiral techniques
may include restoration and repaivof
dereriorated storm sewers;, or separation
of combined sewers.
The most eflective merbod 1o minimize
stosmvater punoff volime and tearment
requitesens js to reciice the amount of
irnperviouy arew: .‘tzt:mmcrm oy ainiizg
or mitigate impervious sorfaces may
include:
T Smaller biilding fodtprine
0 Pervious paving rasterials
0l Stormwaser hareesting
irrigation and/or bulldings

23 Green rools
O Bioswalesivegetared Rltevsirips

O Retention ponds -

Caleulations

pim pii’f:emss, d,&_.&‘cri fieithe |

o mﬁﬁmcing Emper‘vimzs & fmdfm in-

creasing infileration, Describe how each -
measurte is sized to-capuure and/or trear:
90% of the annual rainfall vakume.

Deterniine the aniual rainfll using the

folfowing guidelines:




Fosmid w

that Foceive a

cach year, Se

yeary, and Aﬁd wamﬂ:%ms resoive less
than 20 inches of rainfall per vear For
ehis crediv, 90% of the wverage annual

sainball s equivalento treating the runiff

Frosn:

1o Flumid Watershods - 1 inch of mine
Eﬁﬂ;

. Semi- &rsiﬁ.‘&amrqiae& {75 inches of

z.“g;;mm!i'; and
3. Arid Whaisrsheds — 0.5 nches of min-
fll

Where aon-strucioral consrols invidlving
se eoploved, si.::tr:fsrzzzza, the

infiltration w
soil typels) and associaved. suflvation
rates. Confirm char the soils have che
capicity to infi and
Eumhv sufficient fo abeorb ar least 9%
- dnnpal rainfall volome,

abe water ab & o

Where structueal conveals are vsed, cone
firmi that the equipment has the. capac-
ity o oreat ar least 90% of the awnusl

sainfall volame, If individual measurss

are designed o handle less than 90% of
the amma’ﬁ rainfall voleme, describe how
the measures work eogether to sutsfe the

FEXEE FETeTLT,

{ orriesite is assurned

Whser that is infi

o be M09 weated for the purposes of

chis credic

Srormeenrer conrol messnures lor B Py
thar diseharge water off-sive siust meer
the followang a“’mm {repented from rhe
u‘mﬁﬁa* e R v

St BOUE H.f‘"u%} amwm{cﬁ soiticls

AND

refanae witly stan-
whspecihoations from a stae oo
alipragram.thar hasadopied these

performaned standands.,

OR

0 'vairzf » ey

cotion
Techiole
Hy Parenesshi |
Stare Deparvavent
BMP monitoring,

of %azﬁ{ﬁgv}f{}r

Exemplary Performance

There s no exeneplany perfemance poing
available for this credic.

1 % 3 - * .

Submitial Documentation
This credit s s
Diesign Submital.
The following project date and calcula
tion information 1 reqiired o document
credit compliance using the 212 Submie-
rat Templates:

niteed 4w part of the

Mon-Structurs i Controls

s CBMPSY, tnchi a-deseription
ot thaiunaz:mz, sl "%;‘?P ’md the

Struchiral Cordrads

o “’f-‘zwiéw Eicé' {'":5?' §%:

AR

A Providesn oy
ing any specal &b
siderations resarding
vhe credin,

Considerations

Envirgnmenialissies
K5 preay age t;?{’}”i‘:;i‘?"*é"E'fféiéz:-‘ﬁi(ﬁ urhantzed,
sutface pummi* duced, resulting in

mﬂ'} is

are Ewé"é-m;’éﬁ}{'}i‘ﬁlcfji vig uﬁ;‘%&aﬁ infenerrusare

(e, guitsers, pips aid sevwers) 1o recelving

LEED For New ComstructionVerston 2.3
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UG, Grees Building Ceunall
88

wenrers. T hese stovomeaier volismes contain
sediment and odther conmamingnts that
have 2 negatve impact ot warer qualiy,
navigation and recredrion. Fustheimore,
corvevance and treatment ol stormwarer
volumes requires significant municipal
infrastricrore and matnienandce.

Stormweater pollution sowrees saclude

:m‘"g"gmpher%t ({ﬁpm%zief:n- vehicle fluid
leaks, and mechanical equipme

W%h{,-;i asway and discharged o down-
sere

I8 WRrETs.

Synergies and Trade-Offs

- Stormwater runofl isaffeceed significandy

by site selection and sise design, Te may be
2 to reuse stormwaner for nomspo-

rable water purposes such as fushing urih

nals and woiless, custodial applications, and
buildirig equipment uses. It is helpful o
perform a water balance to derermine the
estimated voliumes of warer availablp for
revse, Stormwarer ranoff volumes canalso

 building

bet reducedd by consolidating «

foorpring and designing the hu:kimg with

undetground p&ﬁ{m g, astrategy thar also

reduess heat ishand éfects: Pervious paving

systerns wstally have a limit on transpos-
wation loads and may pese problems for
wheelchair sccessibility und suollermaolil-
ity. If stormwiiter volumes dre created on

site, additional site aren muy feed o be

disturhed o constriv
or underground fag

- eedrment. ponds

green roofs reduces stodtwater volumes
thar may be inepded for colledtion and
rewse for nog-potable applications.

Resources

Please see the USGRC Web site atwww,

usghe.orglresowrces for more specific
resources on materials souirces and ather
rechnical informustion.

WIS
Dl seorm events, ¢ these gmiiwmm arTe

es. Application of

Web Sites

Stormwater Best Management Practice
Design Guids, E?ﬁ/ GOOIT-O4/ 1214,
Seprember, 2004

WWW, e, 5oV, U}d}fﬁ }iﬁﬁ"ﬁif'nt.ihsf
600104 121/600:041 2 1a,pdf
Maryland Stormwater Desipn Man-
sal

www.mde.stare, md.us/Progiams/
WaterProprams! Sedimentand Stermwater!
stormwaterdesien/index asy

Technology Acceptance zmd Rﬁaﬁ:i?xﬁc—«
try Prartreesship '

www, dep . state, P u&;’dgnidwumrm’
‘sollprevirechservices! mrpf'

afinitions
Total Suspended Salids (?SE& are par-
ticles or focs chat ase woosmall or
be removed From srorfiwatet v ; :
sertiing, Suspended salid
ave typically removed via Bleraddon.
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LE5. Creen Builditig Council
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_Ef‘é&if%t
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H
xd

& Strategies

B i . LERD for Mew Constraction Version 2.2

43




WE| EA R EQ 1D
Credit 7.1

U5, Green Building Council
8

§ammary of Referenced

Standard

There & no stidurd referenced Fir chis
erediz,

ﬁ@pmaih and

’iém?t the amount of impervicus hard-
scape areas on the site in, order ro- i
hear sland effecr. Bor features such as
parling lars, reads and walloways, use
open grid pavement systems that are ay
least 50% pervious, which remaiiy cooler
due ty reduction a‘-firﬁ} fvicus surfice
area and increased evaporaties from the
open cell vegeradon. Use light colored
paving surfaces, and shade paved areas
with landscaping. Utilize 2 parking deck
to reduce parking foerpiint by $0%.

Dharker paving materfals; such ag asphalt,
penerally exhibiilow refieerance and con-
sequently low SRI values, Grey or white
cuncrete has a higher reflectance and a
higher SR Concreté: made with white
cement mdy Cost bp to twice as much
as thar made with gray cement. Some
slended cerents (€.g., slag cements) are
very light in. color and cose the sanie or
slightly less than portland-only based gray
cemvent (Source: “Albedes A Medsure of
Pavement Surface Reflecraped,” R&T
Update#3.05, June 2002, American Con-
crere-Pavement Associadon, hup/fwwe.
pavernent.com/Downloads/ RT/RT 305,

pdf). Migre surfaces and coatings over

m;}h&ﬁ mmm«:ﬁnt can be used tooavmin

the g_aqmmd. SR value for this credit.
Contings and integral colorants can be
used i cementitious pavers of castsine
place parking suifaces to improve sular
reflectance.

Vegetation can shade buildings and pave-

mients from solar radiation and cool dhe.

air through evapoiranspiration, Provide
shade using native or adaptive trees, kuge
shrubs and pon-invasive vines. Trellises

and other exterior serictiiTes tan sypport

vegeration to shade parking lots, walk-
ways and. plazas, Dedduous:irees allow

- buildings w benehe from solar et gain
“during the winter months, On-site loca-

vions where wee planting isnot posgible,
use arehitecniral shading devices o block

disecr sunlight radiance.

Alternatively, place pafldag under cover.
This cdn include using multi-story or
subterranean parking strucwres, or placing
parking under o shade stouerure, Parking
cover must also meer the same SR require-
ments a5 not-toof impervious surfaces:

Calculations’

Option 1

1. Identify all noneroof hardscape sur-
faces on the projece sive and st the
roral ares (Th

2. Idenify all of the hardseape surfaces
thar have an.opien aving sysiem.
that ave at least 0
the wotal avea ().

b

Idenaify all of the hardicape features
thar lave an SR of ac leage 29 and sum
the toral arda ().

SRI is caleulaved using the LEED
Submital Template by inserting both
ernissivity and vieflectanes valués oo
the workshieer zine pressing “Click 1o
Caleulure SR, Emitcanice is calew-
loted according o ASTM E 408 or
ASTHM C 1371 and. Reflectance is
caleulared socording 1o ASTM E 903,

ASTM B 1918, or ASTM C 1545,

Alrernarively, Table I providesalistof
SR valaes for typical paving materials;
whiere dhese materials ate used,; the SRY
values from this wble may be vsed in
liew of obmining specific Emissivity
and Reflectance measurements.

4. Ydentify all of the hardseape Features
that will be shaded by téess or other
landscape features. Shade coverage
shall be calculated av 10 a.m., 12 noon,
and 3 pan. on. the summer solstics,
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Credit 7.1

CFepicab 3*;:*»,: sﬁ ? e iffmf: redE 0.5 0.7 i
pea] Wiathered” Whits Conctiete 0.4 . o& 45
ey Asphatt ‘ 05 &
lifeathered Asphalt i &

il pressirs washing of ceminbiois materiols dan

Cpeflentai s af suriioss can b maindainad withel &
P ) s e b am g deani

resiare vefpdtame tlose o ofgingl valve. b

Eguetlon Erguation 2
=0+ E ) O

The arithmetic mean of these three  construcred with higheaibéda materials
values will be used as dhe effective andfor open grid paving agdfor will be
shaded ares. Caloulare the effective  shaded within z%w yearsy R 23 100%
shaded area (5). of the on-sive parking spacss have been

o the openspace paving, high focated under cover:

nE and: shadec

Arons

o geot the qualifving

Submittal Documentation
Foauation 1.] '

_ . This eredit Is subavicred 29 part of the
(Note that each surhier shoul Constraction Sabmigal
counted only once, For examy
square foot area that is 95% pa FU TS,
has an SR of 30 and s shaded :Jy a
eroe contributes only 10 square foct wo
the toral}

The following projece o ‘Em:ca and caleula-
tion infoirmarion fs reguired o dooument
credit complindes uyingthev2. 2 Submie.
eal Terplares:

., hiphi-

O Provide project sie d
lighting the locatibn of specific paving
materiale, bpdsiape gl andlor
upiddergraund o covered parking,

Qptionz AND

1. Caleudere the sl sumber of parking

wees Tor the p;‘a}ééﬁ:ﬁ;

6. The toral qualifving area must be
eveater than oregaal to 50% of thetotal
areckseape area (1 as i Equoation 2.

Oplion 1

Pravide the following data il che subumit-
tal cemplate:

Rt

53 The measured rellocrance and emis
ctunge of eschipaving niaterial fastalled
on-site {fo caloulare the SRl o
the zctual 8B for each ;;s.m s iiierial

ipstatied onsireenOR—vhe. defauls
L : ‘f G SR value for vvpieal maredals Fiom
Exemplary Performance Table 1

.. : . 3 .
pﬂjétxﬁ ey D }1%‘;{{.{”{?&“&?. AE RNV i;!

Toral dred of 4ite hards

erformance by

T 10 af & Towl dren of handscape 10 be shaded

ees have been

E-};'si;'m forexemplary p

i

within 3 years

norroof Tmperaons surh
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LS. Green Bisiiding Couricil

-

(3 Total ares of installed SRI compliant
Hardscape materialy

1 Total area of open grid paverent

OR

Option 2

W3 Towl number of parking spaces pro-
vided on-sire

a Total number of covered parking
SPRCES OFi-$1te

AND (For Either Compliance Option}

( Provide an optional harrative 1o de-
seribe any special cdréumsuatices or
non-standard camphance parhs raken
by the projece.

2 Confirm that thie roof material cover-
mg {or ssiftz..m;iing}: the packing has an
SRI of at leasy 29,

Considerations
Environmental ssuss

As the buile environment grows and re-
places natural serelngs, it also relinguishes
assaciated ecological services, Vegeradon
cools the area surrounding ic via shade and
evaporranspivation. This wse of dark, non-
reflective surfacesfor parking, roof, watk-
ways and other surfaces u)za.trjﬁ;m -
hear island effects created when radiation
fram the sun is absorbed and trandferred
thisugh convecrion and conduction back
o strrounding areas, As a result of heac
island effeces, ambieht tempiratires in
utbdn aress can be wrtificially elevated
by mote than 10°F when comparad with
sugrounding suburban and um;n:iefxzé:éépmti
areas. Thiz résubts in Increased cooling
loads in the summer, requiriag lager
HVAC equipment and ai-aaﬁz'igai e
mand resulting in more greerhoiise gas

and pollation generation, and incressed

energy consamprion for buildingopera.
tions. Heat ishand effects can be mitigated
thiough the application of shading and
the use of matérials thae reflect the sun’s
heat instead of absarbing it.

Heat island effects are devimengal wo sive
habirat, witdlife und migiation corridors,
Phanes and animals.are seisitive to higher
tengrpecatures and may nof thrive in areas
thiat sre irterensingly hov, Reduction of heat
island effect minimizes disturbanceof local
microchinares. Thiv can redlice suzmer
cooling loads thar in v redice energy
use, greenhouse ghs atd pollution generi-
tion, and Eﬁﬁ?ﬁﬁ#f:}.{:@ﬂm seriements.

Higher reflectance pavements do increase
overall light levels and may allow che
designer to use fewer fxtures. Designers
should weigh the benelirs of using highly
reflective pavements w reduce heat island,
ehfect agatnst possible enerey savings from
reduced sive lighting regu Lghe-
ing evaluations should ing he gvalu-
arion of hci ier »mﬂu,md mmpﬂnmt

.“.ﬁ.Eg; :

can result %In glare artd CAUsE d}mlﬂaé vin
sion and mwmsui Ewﬁt poliution. Sreps
should be eaken 1o mindite f}w z’mmaﬂar
of lighe chat is directe .
fixeures direedly déwn onio sreflective pav-
ing surfaces,

Economic lisues

Acvording o the EPA, abont $40 billion
i spent annually in the United  Stares 10
air-condition. buildings duch of 4l -
elecrricity penerated in 4 yean. Redustion

in heat ishinds lowers dhe cost of cooling

andh FIVAC equipment feeds. Energy w
eool buildings 52 substandal cost over 2
building’sliferime. Fighet initial costs may
result from installation of additional trees
artd aschitectural shacing devices. However,
these items have ﬂ.ﬁ.&{ﬂc;ﬁpmble payback
when Integrated it 2 whele sysrenns ap-
praach thar maxivizes energy savings.

Resources

Pleage see the USGEC Wﬂb STEE AL Www.
usebhe.prefresources For more: specific
resolrces or maters Is _50&,11’*»::@ dnd ather
rechnical informsiion.




Web Sifes

American Concrete Pavement
Associazion

W pavenet com

({47 966-2272

Mational association sepresénting concnere

PATEINENT CONTIACTOLS, CEMent cormpanies,
eguipment and material manutaeiur-
ers, and suppliers. See the R8T Update

#3.05, hune 2002, “Albedor A measure of

Pavemens Surface Reflectanes”

www.pdvement, a{mr&/‘[){mnlua&f Tt
KI3.05.pd0).

Heut Tsland Group
Lawrence Berkeley Natiomil Lalsowatory

St ectd b eovElea fiﬁ_sims:i{

LBL condutts hear island reseasch to
firidl, analyze, and implement sohudons
vo minimizing heat island effecr, with
cirrent réséarch efforts focusing an die
study and development of miove seBective
surfaces for roadveays and buildings.
Heat Ishand Effect

LS, Eavivonmental Proteciion Agsney
wwiw.epa.zoy/heagiskand

(202} 343-9343

Basic information abouws heat dshand effect,
its sockl and environmenel cost, and
strategies o minimive its prevalence.

Definitions
Albede is synonymous with solar seflec
RS SN

Finissiviey 1% the s pdbibing

ractiytion

Heat Tsland Effects oocarwhon warier
e periises ard experigneed i urban
uiﬁiugd}’}ﬁ“ﬂ dompared to adpcent roeal
retehtion

ey adresulv ol soldf eng
o constencted satfaces. Pl mugw I siarfaces
chat contfibuge fo the heat wland offcer

inclide strees, sidewslls, parking lots

and. buildings,

Inbfiared %Hﬁﬂaﬂaﬁ{? ie u pardmeter be-
rween O angd ; 1 Emzm the ability
of 2 mﬁiizermk to stk j ed. tadration.
The wavelength of thic radianr energy is
roughly S ro 40 mikrermerers, Most build-
g materials (inchading glass) dre opaque
ifr eheis pars of the spectri, and bave an
emirtance of roughly 0.9, Marerials such

Cad clean, bave merals are che mgst me

perant exceptions 1o the 6.9 rule Thus
clean, unuarnished galvanized steel has
low ernittance, and duminam reof coar-
ings have intermediate emitiance levels.

Non-Roof Iinpervious Surfaces include

all surfaces on the site with a perviousness
of less dhan 30%, notincluding the roof
of the building. Examples of typically
impervious surfaces include paddng lots,
roads, sidewatks and plazas.

Open-Grid Pavement 15 deflined for
LEEL purposes as pavement thar is ess
than 50% impervious and-conming veg
etation in the open cells,

Pervidusness s the percent of the surface
area of a paving materidl that is open and
aflonws moistre to pass through die ra-
terial and soak into the earth below the
paving systéin,

Solar Reflectance Indig (SRT) is 2 men-
sure of 2 materlal's ability 10 reject solar
heat, as shown by a small tempesasare
vige, T is defined so tharadiendard Black
{reflectance (.85, emindnct 6.90) is 0
and a standard white amfia*ﬁs’.zmr:;ci .80,
emictange 0,90 i 106, For qf}{&ﬁ}pje,
standard black surite has o senperature
rise of Q0°F (50 *C¥ in ol binn, and é stan-
dard white surface bug o wem peratare rise
of 14.6°F (8,170 Oncethe maximum
tempetature rise of a.given miaterial has
been computed, e SR cavbe computed
ing besiwess: the values for

seSRI values ate
L%}a, wmi 5t Chﬂiﬁls for pwmg Due to

W% E,& MR&@} Si} '

Credit 7
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the way SEIL it defined, partdeularly hot
materials can sven take slighely negarive
values, and particolarly cool materials can
even excead 300, (Lavwrence Berkaley Na-
rignal Labosawory Cool Roofing Materizls
Dravabase)

WE| EA 'g_m;ysg
Credit 7.1

Underground Parkdng is 2 “nuckeunder”
orstacked parking sorerure thavreduces
the exposed parking surface area

.5 Creen Building Counchl

96
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1 Point

Faves thar

Vhigh adbedoand 4 Foslliovi-

R Rt s ¢ 1 IORREE

SRR AT o ROt
{fees of SRoof / 075} + {Area o Vegetated Roof L 05) s= Total Roof Af

Roof Type _ _f:é@é;}'-é

LoveSoped Roof.

ASteep-Sloped Roof

LEED o Mewy Construction Vedsion 2.2
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Summary of Referenced
Standards

ASTM Standard F1980-01—Seandard
Practice for Calealating Solas Reflec-
tance Index of Horivontal and Low-

Sloped Opague Surfaves.

This standard deseribes how surfsse re-
flectivity and emissivity ate comsbifted 1o
calculate o Solar Reflecrance Index (SR}
for 1 roofing maserial or other surfice.
The srandard also desceibes & laboratory
and held resting protocol that carrbevsed
ror determine SRIL

ASTM F408-71(1996)e1—Standard
Fest Methods for Total Wormal Emi
tance of Surfaces Using Inspection-
Wieter Technigues

WA SASTIL DL
(H10 8329585

This standard doscribes howe vl medsure
wotal normal emittance of surfais using
a portable inspectior-mesds msirament.
The test methods are Intended for arge
sitefaces where non-desimictive esting
is required. See the standard for testing
steps and a discussion of therroal emit-
wance theory.

ASTM E903-96—Standard Test Meth-
od for Solar Absorptance, Reflectance,
and Teansmittance of Matérials Using
Integrating Spheres

VWL BSTILONE

(6510) 832-9585

Refereneed in the ENERGY STARP
sooling standard, dhds weve mechod uses
specerophorometess and need only be ap-
plied for initial reflecrance measurement,
Methods of computing solar-weighted
properties from the meastired speceral
values are specifind. This west method
is applicable to materials ih.z%fvi:’fxg both
specilar and ditfuse opiical propersies.
Except for cansmisting sheet marerials
that are inhonrogendous, paterned, or
corragated, chis test method is preferred,

- arid low-sloped surfdces

aver Test Method B1084, The ENERGY
STAR roofing standard aiso allows dhe
use of reflectometers T minasure solar
reflectance of roofing marsrials. See the
roofing amﬁd’r&r::i for mgre details.

ASTM E1918- G 7y andard Test
Method. for M&asm‘mg Solar B
tance of Hotizontal A :-E.;O‘W»Siﬂpaﬁ

“Surfaces in the Field

FWWWASTIL O
(G10) 8329585
This tese method coversthe meadurernents
of solar reflectanics of varions hostzontil
aiih mmaterials in
the Beld, wsing a pyranoniergr, The resc
merhad 5 imended for tsewhide the sun
angle to the novmal frosra surface s less
than 475 degrees.

ASTM C1371-04—8tayp

ature Using Dortable Froissoiteters
Rk aﬁtm,.@if”ﬁ
(6103 832-9585

This tese method covers 2 rechnique for
degermination. of the emitiance of wpi-
cal marerials using a.portable differential
dhermiopile emissomerer. The plirpose of
the test method is o yzcmd,
tive means of quantifyn
of opague, highly ther
oy 'c:;a:.i._:;dé;' et oo EnpPeratuse ay a
parameter b evaluating temperatures,
hedt Aow, wnd dedived thermal resistances
of materials.

ASTM C1545-04—>Standard Test
Method for Diei ation of Solar
Reflectance Near Amiblens Temperatuse

Using a Poreable Solir Reflectometer

€ COTIEaLd-

ww_w;as:mmmg
(6O BEE-T585

This test ;mr:hta_d. corves a'vechuique for
determining the solar reflectance of fat
opaque materidls ing labosiatery orin the
field using 4 commereial portable solar




tameter, The purpose of the est  maerial
prethod is o provide solar reflectanioe 1o
dotd required o evaluate temperature  Borkol
and bear Hows acsoss susbices exposed o R

sofing man :
y WNational La

N}Enéw Sduierials

sobar radiation. BLgon/ Coilioots)

fign. Tahle I

Approach and
implementation

hear istand effects, marerials rust exhibiv g
bigh re

ing methods are avaifable for mcasuring
smissivity and relleciance, check manu

facrurer literatuse carefully to onsure use always 0.9

of appropriate data, For exarnglé, some
matiufactarers messure visible reflectance,
which differs from the solae reflecance
measutement referenced in this credic.
Visible reflectance correlates tosolas reflec
tanee but the two quantities are-net cgual
becanse solar pain covers a wider ranpe of
wavelengrhs than visible light, A :"{'E'E’iiﬂ
that exhibits a high visible reflectance uw»
ally has a lower solar seflectance. Typically,
white roof produces exhibie higher per-
formanics charsereristics than sin-wiioe
products. Performance varies by roofing

4

Green roofs are v
rechice heat ishind of
absorbing surfaces with
and smali wees thar cool the 2ir through
erapotianspiration {or evdporadon of
water from leaves), Gaeen roofs provide
insularing benefits, sesthetic appeal, and
loweér maintenance than standard roofs,
Some green roofs reguiic
nanee and are considered aclve gardens,
while other gardens have prasses and
plants that require po. maintenance or
warering, Al types of green roofy require

Table 3: Solar Reflectance inalext (381} for Wpical Roofing Materisls

WE EA MR EQ 1D

Credit 7.2

V = exdmple SR values
Forr typical roof sirfices. These values are
for refererice only and aie not for use as
substitutes for actwal mamsfienrer data,
To mupdmize énergy swvings and minimize  Individual produces may porform beseer

i fa fexe roanau-
ctiviey and 2 high emissivity aver  faciuress are avallable o the Coel Roof
the life of the producr. Strce mubriple test- Raving Couneil Web shie, www.coolrons,
vir, Mot that the Infiared emiftance of
gregares and cementitious macerials is

paped surfaces that
lciog heat-
arivs; shrobs

plagie painge-

Example 5B Values for solar Infrared  Temperaturg  Solar
Generle Boofing Matarials Reflectance Emitiange Bise. © . Reflectance |
o fndew (SRT)
Gray EPDV GaF !
iy Asphialt Shingle _ (.22 i
npainted Cament Tile _ _ N 25
Cranuiar Surface Bitlmen 026 oo 28
E y Tie N 0,37 0.9 /6
| ravel onh il Up i"doz,é" N it ﬂ_fﬁ
eninurm Coats ing - ' i 025
White-Coated Gravel on Built g Rf 3 049
White Coating on Metal 06 085
W WM EPDM 087 @4
091 100
z 104
v

ot use gessbstitutes f@%‘ %ﬁ?{.‘fé,zéz“ ?g?ﬁﬁg{,fa{mfwﬁﬁm ferchiv

> e for yeferercdipnly Gad g not
ichgl grodicts may parform bebigr
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semlannual inspection but have longer

iferies dhan comventional roofs.

Calculations

1. Caleitare the rorzl woof surface area
of the project. Deduce areas with
equipment, solér enctgy panels, and
AP TENATICES,

2. Derermine the ronf sudace aren thae
mcets the applicable SRY criveria and/
or the aren that is covered by green
raof, ,

3, Datermine whether the areas of cool
roof and green wol meet the credic
requirement, using BEguation 1.

Note: g Wﬁéghmd-a%ﬁﬁga caloulanion
mmay be performed for buildings wick
multiple roof surfaces to demon-
strage that the total roof area has an
average SRI that meots the credin
segliitemai s,

Examplary Performiznce

This credit may be eligible for exemplary
petformance under the Innovation &
Dresign section if 100% of the project’s
roof area {exclading mechanical equip-
mént, photovoltaic panels, and skylighes)
ix comprised of a green roof syseeth.

Submittal Documentation

This. credit is submitted as part of the-

[resign Sebmital,

The following projece dara and saleula-
tion information is required o dooument
credit compliance using thev2.2 Submis
al Tepplages:

O Provide coples of the project’s roof

drawings to highlight the lozation of
specific roof maverials Is andfor grees
roul systems,

Erpuadion 1

ALY

Option 1 _
0 Towl stea of insralled SR compliant
roofing materials

3 Provide a listing of install e:ﬁ:f roofing
materials and their SR values

OR.
Option 2

U Total avea of installed green raof
SYSUENs

OR

Option 3

U Total area of installed preen: coof sye-
tems

3 Towd area of fostalled SRI camph;mt
foefing materials

O Provide a lising of instlled roofing
snaterials and their SR values

ANEY

W Provide an optional narearive w de-

. suribe any special circirssances o

nofi-suandard compligsor paths taken
by the projict,

Considerations

Environmental lssues

The heat sshand effect raiser the Tocalized
temperature, mpacting focal microcli-

ke, Planos and animals dhar aee sead-

tivie 1o large Hucsuations in da}f\mm{ el
nighutime wrmypseratures may not thrive
i areas affecied by Heat islands, Feat
istands also exacerbare air pollution for
two reastng. Blest, sinog i produced faster
an %Lighef terperarures, Seeondly. rising
temperaties | ea){f to ircreased s:(};’:éfzirig
requirements, mqu' g energy and o
tng assoctared. emissions,

{Avez of SR Roof / 0.75) + {Ares of vegetated roof / 0.5) »= Tote) Roof Aved




£

Garden roofs reduce stormwarer vol-
urnes thiat may becolletred and wsed for
nonpotable purposes. Stormwater mnofF
volames from garden roofs depend on
che Jocal climare, depth of soil, plant
rypes, and other wariables, However, all
garden: roofs decrease rumoff volumes
substantially,

Ezonomic Issues

Green roofs or roofs with high. Solar Re-
Hectance Indexes reduce costs assaciated
with cooling and HVAL equipment.
Gireen roods typically reguiee an addidonal
up-front pvestrent, while cosl ok

WAy OF oAy not cost smore than other

roafs, However, any u;&ﬁmm SEVESTElere
is likely w result in endrgy cost savings
chioughour the lifocyde of the prejecs: In

addition, an increasing number of locali-

ties afe beginning w regaire the use of

cool roofs on new building projects.

Buildings in very cold efitrares may nov
experience year-round energy benefits
from reflective moofing due to high emic-
rance and low absorption, which myay
increase heating cosrs, However, incressing
the refleciance of a roof reduces arnal
coeling encrgy wse in almose all chmates.

Resources

Web Sites
Coal Beof Rating Couneil

wwwcoolrools o

A monproliv arganization dedicared w
imiplementing and communicaring Fiir,
accurare, and credible radiative energy
pesformance rating systems for roof sur-
faces; supporting research fngy glrergye
related radiative fireperties of i"ﬁ'{‘?.ﬁﬁg
surtaces, includiig ity of thase
properties, and piovi :
objective suppost w partics infeiesied in
understanding and comparing various
roafing options.

i

EPA. ENERGY STAR® Roofing
Peoduis '

W ERETEVETAT 5
progspe el erod

idexefinfesroof

ol rellévsance levels
NERGY STAR labiel-

This site providt
sequiied o e |
ingreguirenmenis,

Fxpensive Green Raol

harpsfwwsewhbdorddesionfureenronts,
plip

This Whele Building Design Guide
article by Chardle Miller, PE datails the
features and benefits of constructing
green ook,

Gieeenyoote.com

The green oof indssery tesotrce portal
ofters basic inforpaition, prodict and
service diveerory, and veseaseh: Hnks,
Lawrence Berkeley Nadlonal Labora-
tory Heae fdand Grogp-Conl Roofs

Brepif/eerd Thi, s%;:ix.rf Hearlsland/

This siee offem 2 we Finformation
abent cool roof wsenrchand technology,
including lnks v the Cool Raofing Ma-
woriiks Dlatabase, _

Penn State Center Foi Green Roof
Research
heepi/fhoriweb . cas i edulvesearchf
gieenroofeenter

The Cenrer bas the missitn of desron-
straring and prometing gréen ool re-
seatciy education and technology transfir
in the Nordieaseden Uriived Stares.

finitions
Albedi Is synanyimons
BETEE. :

Heat Yoband Efecrs ol

th solar reflec-

uewhen warmer
Ul urban
ey yuzal
v petention

on constrieted surfaces, Peivicipal surbaces

WE EA MR Q| 1D

Credit 7.2
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U.S, Green Buliding Council
02

chat copribute ro the heat istand effoc
include streets, sidewatks, parking Jors
and bulldings.

Infrared or Thermal Fmittance is s
patamerer berween 0 and 1 {or 0% and
100%;) thar indicates the abiliey of g mate-

rial to shed infrared radiztion theat), The

wirvelength range for this radiant energy s
roughily 3 w40 micromevers. Most build-
ing materials (including ghass) are apadue
it ehits part of the speceriize, and have an
ernietance of roughly 0.9, Marerials such as
clean, bare metals are the mose inﬁs:p:)rczmt
excepiions to the 6.9 sule, This cJean,
untarnished gelvarized steel bas low emie-
tarcs, and aluminum roof coatings have
tnverraediate emitranes levels,

Solar Reflectance falbedn) is the raco
af the reflected solar energy to the in-

coming solar eneray over wavelerigths of

approgimacely 0.3 to 2.5 micrommeters,
A reflecranie of HG9%: means thar all of
the enrgy steiliing o refecring siface is
sefleceed back into the gtm{}s’ghg&m asid
none of the energy is absorbed by the sur-
tace, The best sandard rechnigue for its
derermination wics spectro-photometric
measwements with an integrating spheve
re- determine the reflectance at ex i dif-
ferent wavelengrh, An averaging provess
nsing & standard solar spectrum then
derermines che average reffectance {ses
ASTM Standard F903).

Solar Reflectance Tndex (SRY) is a mea-
sure of a materials ability ro reject solar
heat, as. shown by a small eI fatre
rise. Ir is defimed so thar @ sendurd black

reflecrance 0.05, emirianee 090 is 0

and a standard white (refleciancs 80,
emitraries 9B s 100, Tor exanmyple, a
standard blacksurface has a temperature
rise of 90°F (30°C) in Al sun, sndisran-
dagtd white surface has & remy Sratiie rise
of 14.6"F (8.1°Ch Cnce the marimum
tempetatute tise of 2 given materjal hay
bieen computed, the SRY can be cotipured
by interpolating berween the valies for
white and black,

Materials with the highest SRI vafues are
the coolest choices for rgofing. Due o
the way SRI is-defined, pa rticularly hot
materials can even take slightly negaiive
values, and particuladdy cool marerials can
even exceed 100, (Lawrence Berkeley Ma-
tiondl Laboratory Cool Roofing Marerials
Dhaeabase) :
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Summary of Referenced
Standard

ASHEABEMESNA Standand 9012004,
Energy Standard for Boildings Exceps
Eowe-Rise Residemial - Lighting, Sec
tion 9 {withoot amendments)
American Sociery of Heatlng Hefrigera
i and Abre ﬂaamd;r aning Engincers

(RO 527

Standard 90.1-2004 was formulated by
the American Society of Heatlng, Refvig-
seating and Alr-Condidoning Englueers,
The, (ASHIRAEY, under an Aviwricas Na-
sioral Srandards lastirure {ANSD consen-
sus process. The Uhininaring Englnderts
Society of North Americs (TESNA
joine sponsor of the standard. Swandasd
W11 eseablishes mindmunn soquismenss
for the energy-efficiens design of build-
ings, except low-rise regicerstial binildings.
The previsions of thiy standaed do nov
apply to single-faradly hobises, waltifarn-
ity seruerires of three habiwable staries or
fower ahove grade, manafactuted hoses
{mwobile and modular hoses), bulldings
thar do not use sither clectricity or fossil
facd, or equipment and perdons of build-
ing svstemns that use enérgy primagily for
induserial, muanufacturing or conmmercial
processes. The standard provides criterix in
the following general categosios: buildi
srvelope (seotlon Sh beating,
and air-conditioning (setion O}
swater heating Gection 7) power (gécripn
8); lighting fsection 9} amd ovher equips

serviony

et (section TOL Within each scetion,

there ate mandarory ;5-1“0%?%32@1‘3& that
nreast always
ag mdgmm} P

,Lfffa:% See
spiervidesd
§ e m;m iy ather
Hoases, the

v

ndard provides re-
sty of butldings,
g reguiements
exterior builds

Seciion 9 of che
quirerents for ihe !
Oy the v
{exterior sive Bigha
ing feature/fugade 1 1y this
credin, Table Tl o G0 1
2004 alfowable building eveeror ighting
power densities.,

Approach and
Implementation

The eredit is comprised of three main
compliance mqmwmm 5 that dieal with
hight pellution thirerigh the conuol of;
1} interior huildiig gy 2} exterior
lighting power density; and 3) exteror
Hehe diseribudion,

trterior Building Lighting

Orprion 1 '

Design futerior Hghting 1o maintain the
maforicy of ot beam ilumination
-w;shss& the %}méd ing. T &umngmh rim,

S35

apague bu ?c?mi; mfﬁ&f
spill chrough srandpase
o5 1o extedior e, b
candela plots or pliefom ihoil d
be used o detenmibze the direcddon of
recimum Tumibons (ntessive for sach
Bxeure type. Overlay che datador each
fiture type on bullding pling dnd secfions
v confirm that the roaxdern ocndela
agle does ot intersect warspatent or
vranshucent bullding surfaces tha face
ENLCTION HICHS.

Opiion 2
An aleernate comaplianie:
Vi‘mr all non-emerg

ﬁ‘iﬁamm&ﬁ fapdster iagiﬂmg-ceﬁmﬁmi psm@is,

WE EAIMR EQ D

Credit %
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Tabled: ASHRAL 90.1- 2004 Lighting Power Darstthes for Bullding Silerlors (Table ¥.4.5)

i Credit 8

LS. Green Building Councll

igs

"%'razﬁaéﬂ&
‘Surfaces
{Lighting power
densities for
uncoveared
parkipg areas,
buiiding
groumnds,
building
prrtrances and
exits, canopies
arid cverhangs
and outdoor
safes areas may
b traded.)

Applications Lighting Power Dendities
Uncovered Parking Areas .

Parking Lots and drives ASW/H

Building Grounds

Walkways less than 10 fest wide 1.0W linear foot - !
Walkwoys 10 feet wide or greater

Plaza areas G2/

Special Feature Areas

Stairways ' 10W/2

Huinding Enfrances and Eﬁaﬁ;@.

Main enteies

30W/ linear foci of door wzdf&a

Other doors

ZEW/T mearﬁ:z@t afdoar w;dth

Canopies.and mwthangs

ZLZﬁWfﬁé'

Canopies {‘f’r@:ﬁ standing and

attached and overhangs)

Outdoor Sales L
Open areas fincloding vehicle LW/
safeslots) _
Street frantage for vehicle sales jots 20Wlineat foot

in addition to “opén dres” allowsnce

Hon-Tradable
Surfaces
{ghling powsr
densityoaloute-
s for the

| faltowing
lapplications can
{be used only for
the specific
application and
carnod be traded

or with other
exterfor fighting:
The following
atfowances are in
addition toany
allowarce
atharwise
permitted in the
“Tradable
Surfaces” section
i<:i’f this table.)

sullding Facades

0.2W/R2-or sach Iluminated
wasl ot surface or
SAW/Enearfout for each

itfuminated wall arsurface {Eng’sh }

Automated teller machmsss BT
night depositories

THYW per foeation Plus OW par

additional ATAA per focation

Entrances snd gatehouse inspaction
stations &t guardéd-facliities

LIEW/RS of uncovered ares
{rovered arsas afe inciided i

the “Canoplesand Overharngs”

section.of “Tradable Surfaces”)

i

betwesn surfages ¢

gas for law enfﬁrﬁemenf
fire, ambulance dnd other emergency
sepvice vehicles -

D.BW A2 of unicovered area
{covered sbeas are dncluded in
the “Canopies and Overhangs”

section Gf".""f;rarﬁatg.i'a!s_urfaz:&f)

Drive-up weindows at fast food
restanrants.

SO0 p?é:ﬁ" dﬁv@*{'ﬁfﬁ-ﬁg’h

Parking ﬁear 24~haw reta it entrances

SBOW ;ﬁe#maér‘a airtiy

Mariual override capabifities that enable
lighss ta be wiened on for afer-hovrs use
must be included i the design.

E_xfiesimiighﬁng Power Density
Elesign: the. project’s exverior Hghting to

achieve lighding power densities thar are
Jess than the requisements sev forh in

ASHRAE 90.1-2004, Section 9, Table

9.4.5. Lighting for exterior areas, such

as parking lots, building: grounds and
plazas, should be destgned tey achieve an,
overall lighting power density that s 20%
below the referenced standard, Building
fagade and landscape feature lighting
should be designed vo aclieve an overal]




' ceﬁsidc

lighting power densivy that Is 50% below
reneed stanelasd, ] Projects should
v saﬁmftnw c:kéavmm fﬁ:"m‘-m '@z*ziﬁg;

pewwer and i i-umimﬁms itensity.
Exterior Light Distribution

Effma;%ﬁ the project’y exverior Ewmmg w
comply wich, the light polluton require-
maents for the sg}@mﬁ.&: project wone. The
ligheing r{:{;u%rﬁémfzmﬂ address the overall
site Wlumination level and dhe luminaiee
distribution, The exerior lighting mivst
meet the Hghe distibution requirements
unler pre-curlew condivhs (priog o 10
prin. or business closing), Curfew ety
and controls can be effective coiponetits
of the overall lighting strafegy, snd may
be used to minigane xspecthic, exsenuating
circhmstances; but conrmls cansot be
uséd to make otherwise non-comphany
exterior areas comply with the aedic

Projects should consider the usé of low

incensity, shiclded fixtures as well as
curfew controlléss to mirn off non-ge-
septiad sive lighting after 10:00 e O
immediately after closisig (
fater) ro Rusther reduce tEw offe
pollution. Profcs mmxié sniidend

. Where lghuing b requized for
ey, security, egress or identifivarion,
weilize dewn-dighting technigues wather
than up-lighting.

Far cmﬂipleg in {f.zz:viwm'mmim‘ that are
primarily dark (Zone LZ1} no landscape
fernres should be Honvinared, and ar-
ehilteetuzal lightng shonld be designed
onby as o fast restreichion odher strategies
cafhn mf%éﬁ Ejuﬁ it ; _ammmz c:}f

_ : | o hff s fssues
Hlowever, even i dresy of high amibsent

brigheaess, all mon-essencial Hgbuing,

“architeorieal and landsanse

inchuding lndsaapeand frchigenml
Em&w 1’1% ﬁsmﬁd be minimired ortirned
e G‘%‘? }rzgit;tw

fearres, they g;é-*_
so that iighz' fromy 1

pumi}ia EG turi @f? Bel-oss mﬁmf i;gyh»
ing after nommal opersting houss or in
;am}i»mri ew periods, Cansiderat lease che
following seraregies when eﬁaa@mng the
exterior lighted environinens

L. Employ a lighdng professional o as-
sess the project’ lighting deeds and
provide recommenidarions based spe-
cifically on lighting for a spswinable
design environmest,

b

Carctully review and respond @ any
applicable lghting erdinances or by~

laws that emighe inpact the lighting.

destgn for the project site,

3. Petermine thi type of environmenral
wone that the projece falls under fom
‘rf?éfiidamm Area leme L7 1) eo High-

i e Cepters idone L »’fi)

Understand dhe design implivations

of the envirenmenal - vome that bese

fits the project and study neighboring
arens to identify potential licht trespass
problems.

4. Use che least amounof 'ifi’&hii%xgr-f:quip«
ment possible to achieve the goals of
the project, bt balpnee die quanity
of cqulpment used with the need o
provide for glire controd and uniform
bghting. Iy most eases) it is better w
have rwo hwamz sowieh fower Hiphe
cutplt and good: stesfel than
one higher oupug] fie

5. Selecralllighting ¢ émmﬁi‘ffﬁé&{fﬁf&ii}&

 Any type of Jumgnaire whether it is
fall coppoff, sesdiasiol o non-dutoff,

¢

sTrEss i the

H

can prodice exesssie brig
forrs of glare, Fore ample. horiontal
latap posivions i full cufofl laminsires
rend to prodice much fess ghare than
verdeal Taritps. Selecring high-perbor-

WE EA MRIEQ 1D
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Credit 8

LS Green Building Couneil
ing

6.

mance equipment of good quality is
not anly esseritial in mantaining vi-
sual quality dnd providing sustainable
lighting, but also will quickly pay for
iwself i redoced metntenance costs.
Dresign exterior lighting o produce
minimal upward Tumination from
reflecred light sources. Sélect Taminaire
lovations carefully fo congrol glare and
gontain light witkin the désign srea.
Pay special attention o luminaires
that are locared near che propesty-line
o ensure that minimal measurable
light from these luminaires crosses the
project boundary

Use the minimam amount of light
necessary and only light arcay tha
guire it Design and develop doe
schermne o minimize, or o li:gfj
off, after hours or duting pose-airfow
perjodds.

. Creare a computer meodel of the

proposed elecrric lighting design snd
simddate systemn performance. Use
this tool o provide poine by peimt
horizontal Mluminance Infortnation
or an iso-foorcamdle contour map

9.

demonstrating that illiminance values
are as required at the projecr boundary.
Where luminairesarewithin 2.5 timey
their mounting height from. the proj-
eci Boundary and the light lovels are
reer zend 3t the imtmdury, Hebruespass
is mioye likely to be a problem.

After the lighting system is con-
steveted, 1 should be commissivned o
ensure that it is installed and operat-
ing properly. Maiptenance should be
performed on the system on 2 regular
basis vor engdre vhar o conirues o
operate corfecily and that fighe pol
fution is mindmized.

Calculations

imterior Bullding tighting

The direction of maximum, lumineus
intensity can be determined from the
photometrie data published by the manu-
facearer, For example, in Table 2, the
snaxirmam inténsity of 869 candela ocours
at a horizontal angle of 45 deprees and a
vertical angle of 5 degrecs.

Table 2: Sample Ficture Candéla Talife

Argle & 225 45 LR 86
o 562 862 B 862 862
5 BEE 247 (869} 850 862
10 838 37 ‘ 248 850
15 Bl B15 845 240 Bas
20 785 . ToU 19 BIS w2a
25 747 754 785 7RG 792
30 653 704 TIE 751 754
35 635 651 698 71z 73
40 566 589 s47 E6Y B2
145 492 524 EHE 622 636
50 469 454 525 556 580
55 331 BR5 465 505 5%
50 5T 315 398 439 138
65 150 24T RS 327 3y
7 135 188 234 224 2y
178 85 127 e 11 106,
a0 44 B4 &l by 35
85 i5 15 11 13 13
90 o o o o 8 ,




Thas direcion vthen toaced from each ha-
Fifnaire ;,}e";ss.iz%z“;fé iw‘%‘*;-‘vrﬁ: thisbsrure TV 18

ring i this particalar light
: J apy eagerion areas,

gseed Vo de
.

PEY W

Exterior Ughting Power Density
Caleulare the lighting power denstoy (LPI)
for dhe projects exterior lighting fxgures
using the hxrore wattage (amp & ballas)
provided by the manufcnures. Sepurste the
exterir fixrures into twe categorios: 1 By-
tetior Areas—inciudes parking, wolkway,
plaza, and other ourdoor area lghuisngy and
2} Facades! Emzdsa:apﬁ Areas——inchudesany
versicpl surface Hluminaden, faga a:zs:_;‘si;—
s} el any accent or landscape Hgl
Calculation 1 provides an example of ﬂm
caboularion methodology.

Alter calcutaring the LPDs for theprogoc
dersrmine if the aghfan&g destgn coniplies
with the requirements for LI réduction.

Exterior Light Trespass

i ovder to méasure C(}mpiimc@ with
the Bglar wespass sequiremionts, piojects
should nei ilgr%}é:izw design sutoware to
develop 2 site illuminanion model. The
waodel should shaw the full extenty of the

" each [ominain) &d

g fig-
showgddd
. azE??sf}Elﬁ{’)l’}
o and wertical calouls-

e ser ar e property

site wod all 1nsiadle
..;C%.isﬁ

B E1
G By Imeasire z‘i-u ;

béf p

ag the ground g:-!.

reeliiements.
%amw vdary for

ver sm} ‘.é.i-u-m;mirmm Th;; ¢
spactng should be o msds %
10" and should exclude building inrerior
drens, Addidonaly; wams should urilize
the wiedel to determine muidinum and
rafnimum Hhominages levely and dhe
averail sive unifermiy (emx/ min radol.

353

Haiirg manofacturers’ Axeare dara,
duw‘mmg the il oy forens for
iy, from phe-
i &%‘if’ wzmbe? af

rorieeric data, deternt
tnitial lamp lumens de are enteed ar
ar above 90 degrees from sadis. Enter
this dats into Table 3 o determiine che
creemtage of lumens an or above 90
degrees, This number must be lass than
or el o the valve weferenced for the
sedectred sire L7,

tafdudation X: S amg}ﬁ.-f_m rigr ighiting Power Bensity Calculation

Gite ikg%tmg ?ﬁww mngiﬁsy mﬁmmm
§z§s& ﬁzgmmg T '

32000

18,000

: J‘\jﬁ g@ﬁu‘eé

Wathways 1

875

Couttyarnd

Butlding Facade

32,000

IRO00

20%

L
Pase

Sy

LTS

B
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‘Tabile 3: Laty Lumen Calbuiation

Credit 8

(s, Gregn Bultdiog. Cowclt

g

Laminaive | Quantifyof | Indtial Ficdure  Initiad Fixtore | Total Fixture
Type nstallad Lufhens pit | Eunens from Luthens. |
L 1 Bumdnalres Latniinabee | " humingice abiove 80
ahiove 90 Dagraes

E)agwm 4 frolumn B x

: (fmm nadiv- T colurn 5
‘&:m;géﬁ. é@Wﬂ}-=_- : s
160 oo

o ' a

2,000, {7,000

Note: luminaires withous photomenic dis-
ribution shall b assumed o have HO%
of ts initial latmp lumens at or above 90
degrees. Luminaires with Hmited adjuse-
abifity: shall be assuimed o Have masipum
tilt apphied and lumens at oo &bf‘ﬂf{: a0
degreps shall be ealenlared Froms mhasimum
vilred ottentation. Luminaires with fill
range of adjustability (those that can be
atned above 90 degrers from nadir) s
b assurped to have T00% of theemied
fierure fumens at or above 90 degrees.

Exemplary Performance

This credit is not.éligible for exemplary

petformance wider the Innovarien &
Deesign seciion.

Submittal Documentation

This credit Iy submitted av-pare-of the
Presign Submiteal,

The following project data and caloula-
rion information is saqitired to documént
credic comphiance using the v2.2 Subeir-
tal Templaves:

U Provide copies of the preject lighe

ing cimwmg.s {interior and. §ied). o
Lﬁc;cumnm e lecadon - and T¥pe of
Butuses installed, Trerior dravings
should clearty %simw »sx-tze-rm% %:em“fdma-
suirfaces w coufinny
candela from hntesior h&mr&s ci{}c‘:a not
intersect trangparent or oanshucent

building surfaces.

i Provide confirmarion chay ehe breerior

lightikg design bas been eviliared w

- ensure thar the maximuom. candela

from each interior havinalre intarscers

opacque initetior strfaces and does ot

exit through winndows, OR, that -

somatic controls hfmé boen: fnstalled

o tirn o in Whuﬁg during’
non-pectpied: hﬁm %,

AR
For Projects With No Exterior Lighthng

2 Conhern that no exterios lighfing bas
been fnsealled.

For Projects With Exrerior Lighting

0 Complete dhie Lighting Power Density
ables on the Submittal Tenplate for
both exterior site fighting and fagade/
landseape lighting, The following data
will be required to. complere the tein-
plaze: locarion and [Drofeact i
exrerior lamindiver siie area L5y ft} to
be Hhuminated by the }ummam{s},_ .
ingpdlled LPD: and ASHRAR-wlow-
able LPD.

3 Confipm rhestee rone classiBicarion for
the project.

0 Camgplete the Sige Linnen éffz_zlﬁérﬂzﬁ;iiﬁh
on ihisubmitektemp ?F hia ﬁ}iizmm
ing data will be rég
Lhe Tempiate: immmim ty;;!t:f}l:}
quantity tnsmiled; inital lamp limeas
per Jurdnaive; inidal fimp: fumeéns
above 90 degrees from nadir.

AND




W Provide & nurpadive thar inclodes
specitic information regarding che
lght trespass avalysis conducted o
determine compliance: Please provide
any additional comiments or notes
segarding special clrghmstancss or
considerations regarding the project’s
credit approach,

Considerations

Eswvironmental lssues _
Ourdoor lighting is ngcessary for Humi-
matiegs contections berwean buildings and
support facllities such as sidewalks, pardng
lots, moadways and compuiniey gar&mﬂg
phaces, However, light wespass from pootly
designed ourdoor %mﬁrzzw systemy.can af-
feer the nociumal ecosystem on the sitey
and lght pollution limits night sky acies,
Iiamug}}" thougheful desipn and carefisl
malpteraics, outdoor lighting can sddiess
nighit sky visibiliy issiies and dee g
sion reguiements, while mininiizing the
negattve impacy on the envirohiment,

Sensicively designed ourdoor lighting can
-@Xt’?uf}(i ALTOEY Jg?ifi {5 ni" fEiesn ¥ &peins ﬁ‘ﬁ:{}
the nighttime hours. We can gain a unigue
appreciation for a place av night becapse of
setgsieively and creadively desigred Tighting
systems. But any time Fehong is added
b @iy exterior environmens, the ?ﬁmmﬁ:ai
of light pollutivn exists. Fven with the
best Dall cueofl huminaires and the Jowest
wittage lomp packages, the added Jight
wiedll b refliscted off surfaces and i E}‘isf:
atrhiphere, Usiniz the minhnum SEFIHINT
of Highe tfii%fs‘}lnﬁiﬁi im'mnw o elimi-

lg)

Ehog wﬁ“ fra :am:’; wsmmi

herime wetiviey,

Economic lssies
o lighelng solu-

Cargfully desipned oxe
woni e erhuce Inly

energy e when compared 1o commen.

- prietice solutions. BEraergy and mainte.

Mk to othier TESMA vusdi

o whibe il

Heriitk gostsard

nance savinge over dhe lifedme of the -

project can be subistantial,

Commurnily lsues

Minimizing lighs poilution allows for
might sky acoess by che susTaiinding
commuirieg: Andither ey Banefi i berrer
visual comfore and iitoved wigibilicy,
Sepsitively designed Beliting systoms chac
arinimize g?ﬁl.afa and provide MOEe uni-
Form lighr ar lower levels will help create
aestherdaally pleasing ehvironments thar
are safer and moss securé. A carefufly de-
signed and maintained atitdeor I}ghtmg
systepn can helpa profect Bed non-incru-
sive membet of the communiy,

Resources

Please see the USGRC Web e ar W,
wsghe orelresourées for misee speC
respiress on arerils sources and ﬁ)fhu"
wechaical informarion

Web Sites
American Soclety of %ﬁeﬁtmg Ref%fﬁgezrw
tion and Air-Conditioning Engineess

wwvw ashieac.org
ASHEAB/TESNA Standard 90.1.2004
Energy Stndard for Buildings Excepe
LoweBise Basidontial

Huminsting Bagineering Society of
Mlorth Amerdos '

W IESi, O

This organization piovides general exte-
o ngizmiv design piridarios *%m:f 065 85

Californis Energy Qaﬁmamwmz {C ﬁ@:ﬁ}
- 2005 Califeraia Baergy Efficiency
Bmi&ﬁmg Stamdards - i&gjﬁz ng Fones

LTI TV, s )

Q.‘i;iid"ui.?;% iighi
LIGHTING 720N )PE }

Frovides a deseviprion of the. susdoos
lighting zones developed for use in. the
;ii}i?i’& (d&hi{}mm ‘ﬁmm Eificienicy Build-

S : LEED for Mew Constraction Yersion 2.7
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Credit 8 :

i

LLS, Gregn Building Cotmell

s

nternavional Darle-Sky Associdtion

wyemdarkskvs ml idalida 2Andes il

A m"mg:rfa:»i:i agenocy dedicared 1o edy-

cating and providing solutions to light

polluton.
N&w England Light Pollution Advisery
Group N
beipi/feta-www harvard.eduféfafon/
A voliwnteer group 1o edocare e pub-
lic on the virwes of efficlent, glare-free
outdoor night Hehiing as well as che
benefits of no lighting for many outdoor
applications,
Sky &Telescope

nreps/iskvroniche comiresources/

“ darksky

Includes faces on light po Eutrfm and its
impact on astronomy; apd infoimation

ahout purchasing light fiztures that mini-
mize Hglis pollution,

Print Medis
Comeepts i Practive £ ﬁgﬁfﬁfzzg Laghting

: { Jestgn i Avihisecrure by Torquil Basker,

BT ‘Swuxﬁmd Lid., 1997,

Cutdoor Lghting Fone Definifiony

. timies when greater Jighting

The Design of Lighring by Pever Tregt
atd David Loe, B & PN Spon, 1994,

Eﬁeﬁhﬁ'ﬁaﬁs

- Angle of M&mmﬁm{fm&iﬁlﬁm the di-

festion in wibch the lumingiee eiits the
greatest humiinous incensity, ‘
Carfew Hours aie locally determined
sstrictions
are imposed. Wher no local or regivtal
ons are in place, HEOO p, i
regarded a8 a defaide cusfew time.

Footcandle (¢ is & unti of dluminance
and is equalte anels mcn of hgin" fallingon
2 one-square foutare

ight source ata distance of oné foot.
Li‘gﬁt' Pallution i veaste light from buifd-
ing sitey that pro ifces ;Jaf i direced
upwird to the sy or is disecred off the
site,

Ouzdoor Lighting. Zone: ﬂeﬁmtmm
(Developed by TDA for the Mode Ligh-
ing (”}fsdfr‘sanc:f,j providea: general descrips

tion of the site uzwxmmmwmnmm anid
basic site Iagﬁrum erivéria,

| Ambient i

Zone

5&21 ark

papu!aﬁmn densmes of iesﬁ §

square e, socording the last s, ep

developed areas in state and nationa]

astronomical chservatories, 2, B

 Yesidents have expressed a desire fo migintsinga natumt
nighttivie envirprament.

200 peaple pet
Al dar

MY arex wheréﬁ

12:% Lows

! ?e:-z;:}ggmiai‘mn densities of 200-3, QQU heo]

nost Greds zobied “residential® and: st ede%aui o
;esrd z%tsa?areaa

Miadiug “Foy

puiatmn déusitiog, gr&zﬂm tha : _
mile; aecording the last (5, Cen uis. This lighting |
s intenided for Bighy depsite
mg andg mm mema%’ dlstszt

000 pﬁ!&

industrial barks.
il and :rsdus’u’t&

£24 | High

}“%;;5 is for major city centers. {wzih pﬂ;wfaf:mn (;it%ﬁ sities

greater than, 100,000, acenrding (o the st U5
- thémiatic attractions, ﬁnte:tammﬁrti“ ehutrlcts arul malor
| auto sale districts:

Censiis),
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Endnotes

'l the Linired Stases, there are three distines clinates char tiefluence: z%ia nacgie and
amotrnt of rainfall bocarsing on an annual basis. Humid wassrshedsare éxﬁm& a5 those
that réceive ar least 40 fnches of rainfall each year, Semi-arid warersheds receive between
20 and 40 inches of vainfll per vear, and Arid warersheds recefve loss than 20 inches
of rainfall per year. For this eredic, 90% of the average annual rainfill is squivalent ro

treating the runolf from:

{2) Humid Watersheds - 1 inch of rainf&li:

{by Semi-arid Warersheds — 0.75 inches of rainfall; and

{c) Arid Warersheds — 0.3 inches of rainfall.

*The Solar Reflectance Index (SR is a measuse of the constructed: sucface’s ability fo
reflect solar-hear, 2s shows by a sehall tepiperative rise. [t is defined so dhar a staﬁ{ffmi
black (reffectance 0.05, entitrance 0,90 is 0 and a standard white trefléonince 0.80,
emittance 0.90} is 100, To calenlate the SRI for g given marerial, obeain the reflectance
valiie and emittance value for the material. SR v calculared ae mr{im% e ASTM B

1980-C1. Reflectance is mieasured according ro ASTM E 903, ASTM E 1918, or ASTM
€ 1549, Emittance is measured accarding ro ASTM E 408 or ASTM C 1371,

- The Solar Reflectance Index (SR s a measure of the consrr aceed surface’s ability o
reflect solar hear, as shown by a smiail remperatare rise. It s defined so char 2 sandard
black {reflectance 0.05, emittance 0.90) s 0 and a standard white fraflectance 0,80,
emitrance 0,90 is 100, To caloulare the SRI for a given nuerial, obiain the reflectinee
valtie arrd emirtance velue for the marerial, SRT is calcutared according o ASTM E
1980, Rellecrance is messured according 1o ASTM F 903, ASTM B ‘?}1& or AVTR
€ 1349, Emirtance is measured &&C@Fﬁfﬂié to ASTM E 408 or ASTM T 1371,

LEED for Now Construction Versinn 2.3
155




In the United Siaves, approzimately
340 billion gallons of fresh water are
withideawn per day from rivers, sweams
and reserveirs to support residencial,
commercial, idusteial, agricubtural and
recreational actdwides. This acconns for
abouy one-fourth of the naton’s roral
supply of renewable fresh wates. Almost
65% of thiswater is discharged to rivers,
streans and other warer bodies after use
and, i some cases; CEANTENE,

Additionally, water is withdrawn from
underground aguifers. In some pars of the
United Stuces, water levels in these aquilers
have dropped more than 100 feer since
the 1940s. On an annual basis, the wamr
deficit i the United Swafes s cirvemly
estimated ar abour 3,700 billion gallons.
in orher words, Americans extract 3,700
hillion gallons per year more tun dey
recarn to the naturd water system B e
charge aquiters and other waver sourees,

O a positive note, U5, industrivs taday
use 369 less warer than they did i 1930
although ndusrial outpur has increased
sigaitiicantly This reduceinn in warer use s
targely due to the tighrous water reuse strat-
agies i industriad processes: I addidon,
the Energy Policy Act of 1992 mandated
the use of warer-conserving plumbing
toesuines o reduee water use I revidential,
'mmmxzt‘ciz Fand instrovional miﬁiﬁmgﬁ

’{mizg} large vedunies of water increases
maintetance and feevde costs for build-

ing eperations and Incieasos colsumer
costs for additional murdcipal supply and
rearmet facilities, Conversely, facilivies
fickently win reduce costs

that use warey el
chrough lower watkr use fees, Jower sow-
age voluinas o fréat ﬁzﬁ.é:’sfg}? wird chemtieal
use reductians, arid lower capacity charggs
and limits, Many water ¢onservation
strategis involve elther noadditinnal cost
or rapid paybacks. Other waterconserva-

tion strategies such as biological wastewa-
ter treatment, raitiwarer harvesting and
graywarer plumbing systems often involve
mote substandal nvestment.
Wager efficiency messures in commercial
buildings can easily reduce water usage
by 30% or more. In a eypical 100,000~
square-foot office building, low-How fix-
tures coupled with sensors and antomatic
conerols can saves mintinunm of 1 million
gallons of warer per yeur, bised on 650
building cccupants each wsing un average
of 20 gallons per day. Non-potable waeer
volurtes can beused for landseape frrisy
tion, toter and arinal Beshing, costodial
pusiposes and building sysvesms. Ukiliey
vings, though dependent on the local
switer costs, can save thousands of dollars
per vear, resulting o rapid payback on
water conservation infeastrucoure,

Water Efficlency Credit
Characteristics

Hible 1 shows which credity were sub-
stanitially revised for LERD for Mew
Consrruction Vemion 2.2, which credin
are eligible to be submieted in the Desigy
Phase Submirnal, and which project ream
merabers are likely to carry d: iifxim}»;mﬁ{»
ing responsibility for éach. credic, The
decision-making responsibilicy mareix s
not intended to esclude any party, rather
o emphasize those credivs ehar are mose
likely to require srong parsicipation by a
particalar team member

EA MR EQ

o

Overview

Cherelow of LEEDT
Prarequisites and
Crpclits

WE Cradit 1.2

Water Bffickenm
Landscaping -—Reduce
By 505

Water £ficiernt
Eardscaplay - N

Potalde Water Hee or Mo

Frrigation

WE Orelit 3

frmovative Wastewatbes
Techrologies

WE Credit 3.1

Winter Use Reduction

- 2L

WE Cradit 3.2

Water Use Reduckion
e B
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Table 1 WE Credit Charactsridtics

WELS, 2 Water Use Reduction: 30%

gl
Kk
= ELE
£ w jm e
; o R = i
Credit E | ElEl5%
@ SR IR
t & | E R S S
o L ,9' . q% S
- P g [
R G R
b pes L
I fn | ol = i
CELBRLE E B2
Ve L1 & T =1
T S CAAC Sf;& G g\g
IWECLI: Water Efficient Landscaping: Reduce by 50% el :
WECL.2: Water Efficient Landscaping: Mo Potable Water Use s R
aF Mo frrigation . |
WE2: Innovative Wastewsler Technologles - .
WECS. L Water Use Redugtion: 20% - *
£ ®
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Summary of Referenced

| Standard

Thare iy v wandard wlerenced For this
eredis,

Approach and
tmplementation

Dlesign landscaping with climare-tolesant
plants that cap sarvive on naoural rainfall
guantities after inftial eseablishment.
Contour the fand o direct rainwater
susioff theough the site to give vepetation
an additional warer supply, Minimize the
amount of sive ares covered with ek,
and. wse technigues such as mulching,
alternative mowing and coliposting to
mdigrain phant h{nsizh( These pra i
comgerve water and help Foster optimal
soit conditions. '

Recommended design printipals
I. Planning and Design
® Develop a shie map showing exist-
ing or planned struciorel, tepog-
raphy, ofentaton, san and wigd
exposure, use of space and existing
vegetation.
® Perform shadow profiles of lapd-
scape arcas for dach séason, based
or middle of the day conditions
and ilustrate the plane xeicmm’;
within the profiles.

# Reduee heat sland effect by provid-

ing adequire shade from trecs and

basildingsy plany hard wood ciees to

irerease sh hade CEIMPY A% NICCEIRTE.

®B Plan wardr use zongs
High — regular watering
Mpderare + sccasional warering

val satp fall

E&:@ o BT

b3

by o Funcrional
fefi grindil areas,
pede »:fsa_ e, mwuﬁm tor soil
COTSErYRTOI,

3. Seil anatysis and preparation
® Analyze soll in gach zong

Awmierd sotl 2o

4, ﬁpp‘;‘myéa&'e e i Fils
Chouse piam setbud it ﬁ&sﬁfg adapt
to the site:

A, Consider the muture size and
form when chogsing plant
material for thi lowtion and
inended. purpose:

BB, Consider growth rae

(. Dererming char tesiime and
color combing with surroand-

ing plantings dad. building
E‘mu&gﬁmﬁgi.

0. Use no mono-sibcis or exces-
stve multi-species sélections.

E. Diversify species v prevent
climivation of a ipecies Hom
diseases or pestinfesiadon.

5, Effective and efficient watering
pracrices
2 Pegulatly checleirtization systems
for efficient and effective opeta-
vicn verity watering schedules and
duration o & monthly basks.

o Use deip, reaceo isiers, snd sub-
surtdes irvigation & ey where
applicable, andosmasriedigarion
controdlers thronalous Provide
cotnpuiter interfa: jonitoring
arvet sebedide mind
contal ooariod,

L zzra%ﬂ &

éfingﬁ,
B Wo irvigation of shivbs from Sep-
@;em%ﬁr o }%ﬁi’}ﬁ;

G Use of moleh on rrwsg shrabs and
Hawer beds '

o K%Zéa:‘g? fandse: fulchisd 1o
SrmervE wEnimg
evepraiive water, foss from fhie

sl &%ﬁfﬁm o T TR

aighizee ';"a 1 i‘i

iuge the need for

Eﬁ ?ﬁi’é ﬁ@ i

E_{E%ﬁ 1

|
]
4

of plitts and waf
tn the moaths of Mevember o
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supplemental irrigation during
periods of lmited vafndall,

A number of factors, mnchiding owner
prﬁﬁfﬂrﬁncﬁ, event uses, and mainiénance
expertise, ray also impace plant selec-
gty bur the intent of this credic i 1o
creave a landscape thar maximizes the
use of on~site natural resources w i
ar eliminate the use of potable warer
for irrigation. This goal can be achieved
by selecting native or adapted plants
that reguire little or mo irdgation after
infrial esmblishment. This goal also can
be achieved by using high-efhciency i

rigation equipment, captured ralnwater,

recycled graywater or rreated wastewarer
to reduce the consumprion of potable
warer: Often Simes, itisappropiiaie o use
a4 vombination of these stategies to Arse
reduce potable water domand and then
meet the irigarion demand in the maost
sustainable mannen

The use of native or adapted planty is
an exeellent approach because water

constrvation i bulledn and s noy reliane.

an high-tech equipment and contrels, In
some clinates, it is possible to eliminate
the need for permanent imigation with
this strategy. In other clithates, trrigation
requirements can be out by 50% or greater
compared to conventional butlding land-
scapes simply by plint selection.

Technologies

The use of irdgation wechmology, it
rer capuure, and/or advanced wastewarer
ereatinent is another excellent dpproach
e achieving this credic because it allows
tor a broader plant species palette, while
still conserving powmble warer sapplies.
High-efficiency irrigatlon: stravegies in-
cluele micro-irrigation systens; meksiure
sensors, rain shut-offs, and weather-based
gvapotranspiration conrroliers, Drip
systerns apply water slowly and direitly
to the toots of plans, using 30%-50%
less water than sprinlder drrigaviont.
Motsture and rain sensors save water by

ensuring thar planis enly receive water
when necessarv,

A raimwater collection system (eg., cis-
terns, underground ranks, ponids) can sig-
nificantly reduce or completely eliminate
the amount of porable water used for ir-
rigation. Rainwater can be collected from
toofs, plazas and paved aress and dhen
filtered by combinadon of graded screens
and paper filters o prepare it for use in
irrigation. Meed, day of concrote-based
roofing materdals ave ideal for rainwarer
harvest, as asphale or lead-containing
materials will contamingte the warer.
Ratnwarer with high mineral content or
acidity may danmge systems or plantings,
but pollutants can be filvered out by soil
or miechanical systems prior to heing
apphied to plangings. It is lmporwant o
check loval rainfall guanciy and qualiry,
as cotlection systeis may be inappropri-
ate in arens with ezinfall of poor qualiny
or fow guantity,

Wastewarer recovery can beaccomplishad
sither on-site or at the municipal level.
On-site sysvems Diclude graywater and/or
wastewarer treatonent, Graywatér consists
of wastewater from sinks, showers and
washing machines; gooling tower bleed
down water; condensation fromt air con-
ditioming. systerms; and other building
activities that do notinvolve human wisee
or foud processing, In addidon, many
xrmnéiaipzaiitim meat sgwage 1o t(i-i‘{;&i‘}?.
stapidards in central weasmenc plane and
ve-diseribure that wiser réglonally for i
rigation use.

Calculations

To caleulare the percent reduction i
pordble use for this eredie, establish o base-
fine water use rate for your projecr and
then caleulare the as-designed water use
rate according to the steps listed below.

Standard Assumptions & Variables
L Allcaleulations are based o lirigation
during the month of July.




1 The Landscape Coefliciens (KL}
ingticares the volurme of water lase via
evapotranspiration wid Js dependent
orr the landseape species, the micre-
clirmare wnd dhe plandbg densitg The
formuhfor derermining the lindscape
coefficient is given in Equation 1,

L The Spectes Factar (&%) accounts for
variation of water needs by different
plant species. The species factor can
be divided inro theee categodios (high,
average and low) depending on the
plant species cossidersd, To deter-
mine the appropriate catégory for a
phant specics, use plant sanuals wid
professional expericace. This factor
s sumewhat subjectivr but landseape
professionals should have 2 general
idea of the water needs of particular
plant species. Landscapes can be nmin-
wined in accepiable condision ataboie

iié}f%f; of rhc n;éi,mszcie %W'mz*rmmpima

d(}aﬁ‘é not regiie ;mg&tmz’; snoe i i
estalrlished, ther die effevitve ké = 0
and the resulring KL = 0,)

0 The Diensity Facsor (kd '} accounis for
ehe nmber of planss and the towl leaf
avea of a landscape. Sparsely planiced
areas will have lower evaporranspina-
tron tates than densely §}i&mxd areng,
An average kd is app .md By arcs e
growhd shading from teeey 5.5
range of G0% o 100%, This is also
exyinrvatent i shrobs abnd ground cover
3?%1&?2;& 9%‘?/&- o M0 of the land-

1y -z%' srodindivved
iy, Foy dnscanie, o 259%
gmﬂzsé §1mdmv froiny frees gesuls in
.5, T miied Tandscape
slartin cos eover undersiory

proundcover dhd shirds, evapotrans

a lat va?aze:f mf

Equation 1.
Koo by m kg,

pivarion mereases, Tils represents the
Wighest level 6f landscape densicyrand
chie kd value shotld be berween 1.0
and 1.3,

0 The Microclimate Factor thme) ac-

counis for environmenal condistions

specific wo the lindscape, ineluding
remperatare, wWind asd hamidiy, For
instance, parking lov areas increase
wiind and emgerdoue effecs on sz(%««
jacent landscapes, The av
1.0 and dhis refesto cond
the landscape evapotrans
is unaffectcd by buzf&dszig&
reffective sutfices and sjop :
kine conditions oocir whete svapora-
dve potential is increased doe o land-
seapes surtouscded. by Beas-abgorbing
and reflectivs surfioms or are exposed
entady windy conditons. Fx-
amiples of High Yure aréas Indlude park-
ing lots, west sides of | aaw{img& WSt
arid south sides of gipe

and areas exg
effects. Low microc
s::iudiﬁz' sémdefdéz s

Qﬂ?;: Wbﬁ?ﬁt
TRbion rate
sz_vf:mm’i L5,

iy
S

conityards, areds. ﬁﬁda i Wiiﬁis‘: iamimzw
overhangs, and nosthosides of séap&
are fowe microchessse wreds

Step L-Create Design Case

Dleternrine the lands srea. for the
piraiegt. This pum! resent the
as-desiguet &ﬂiiﬁﬁ%g}i‘ afea aisd must use
the same project boundasy a5 is psed in
all other LEED credits. Sart the roral
landscape ared into the mgjor vy i
fypes [irevs, shibs; prongdcover, &
and wurfgrass), E-ist%ﬁ;z‘ the aves for each,

Determine the followit
for each lunds
(), Density T _
ke Factor (5 Recon deridod walies
fior caich of these fherars aze pigvided i

Creﬁséﬁ
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Table L. Selecr the “low,” “average,” or
“high” value for each parameter as ap-
propriate for your design, Aoy variance
from these recommended values should
be explained in the credie narrative,
Calaulate the Landscape Coetficient (K, )
by multiplying the diree dred characteris-
tics as shown in Eguation 1,

Bretermine the reference evapotranipi-
ration rare (ET ) for vour region. The
evapotranspiration. vate i & measure-
aient of the toral amount of warer Aiceded
to grow a certain reference plang Guch as
grassor alfatfa) expeessed it millimeters or
iches, The Resources section provides a
link o ET data. The KT, for July isused
in the LEED caleularion becanse this
is typically the month with the greatest
evapotranspiration effects and, therefore,
the greatest ierigation demands.

Caleulate your project-specific evapo-
cranspieation rate {ET,} for each land-

seape area by multiplying the (ET) by

your KL, as shown in Equation 2.
Desermine your Irrigation Effciency
{IE} by listing the type of brtigaion used
for each landscape aren aud dhe corre-
sponding efficiency: Table 2 Tises irrige-
don efficiencies for different imigasion
SPSIEMIS.

Dietermine, if applicable, the Conrroller
Efficicncy (CE). CEis the percéie redte
tiof in water use fromm anviveather-bused

Table L: Landscape Fackors

cantrolers or mioisture sensor-based
systemns: This number mustbe suppored
by either manufacturer docymientation
ot desailed caletilations by the landscape
designer.

Deteemine, if applicable, the volume
of reuse water (capriied rainwarer, re-
c;;«-"e:}a*:d graveates, of i’.’rm;&dﬁ--&fva.&'wwm’a%ffé

available in the month of July. Reuse
water volumes may depend on minfall
volumel/frequency; building-generated
graywarer/wastewater, and on-site sEHTAgE
capacity. On-site rense systems shiould be
modeled ro predict volumes generared on
a monthly basis as well as oprimal stotage
capacity. For caprured riinwarer ealcula-
rions, ymj‘éfaa: teams iy use nf:i.ghm“ ¢the
collected rainwater rotil for July based
on historieal average -pz;rec:i,pi‘.m:{'i@.ﬁé;, arthe
‘histotical data for each ménth inorder to
model collectivn and reuse theoughour
the year, The latter method allows the
project wam o determine what volume
of water is expected o be' in the storage
cisterss av the beginning of hily and add
it to the expected ratrwater volime col-.
tecred during the month. This approach
also allows the project teani to determine
the optimal size of the rainwarer cisrern,

Table Z: rrigation Typds

uﬁpt‘-inkfer
{Drip

580

ET, [in] = E7, % K,

Trews _ L BE _
Shrubs 02 05 07 95 10 11 05 40 14
Grouhdcovers 02 0% g7 05 10 11 0.5 10 1.2
| Whixed: trees,

shrebs,” o
groundeovirs 02 05 09 06 11 43 05 n{ 14
Turfgrass 06 07 08 X A 08 10 12
Exguation 2’




Wow you are ready w zaloulate your
Toal Warer Applicd (TWA) and Toral
Petnivhe Water Apy AT for each
fandscape ares and the Design Case,
Equations 3 aed 4 ¢ sm;tw haw to caleulare
thase vilies.

Step Z-~Ureate Bassline Case
The Baseline Case iscaleudared by aurmg
the Specles Factor (ka), Diensity Fag
(kd), and Irrigation Bfficiency {i.J to
average walues represensitive of conven-
cofad equipmens and desdgn practices
The same Micsoclmase Bacrors (M),
anch the reference Bvapowanspiation Rawe
(BT are psed in ol the Deson and
Basehine cases. [ che design of the préjeet
inchudod subsringions of low water-using
Landscape types (such as shrubs) for bigh
water-using types (such as aurfgrass], thie
ag can be re-a Hm& ted in thig

landseape are

baseline cave, but the total hindseape area

gt remain the same in the two cases.
Also, it isunressonzble to assurmethat the
baseline is 100% wrtgrase iF the projee
inciudes substantad arens of wees, shrbis,
aiud planring beds.

Catenbice yous TWA for the Baselive Cage
using Equation 5.

Eguation 3

Desipn Case TWA Ipafl = {ims [ & &??{i”n}ff

Equgtion 4

Step d~Calculate Percent:
Reduction in Total rigation Water
Use (Potable and Reuse) AND-
percent Reduction of Fotable Witer
Use for lrrigation. - 0

fon of pota-
gmm‘mﬁ 6.

Caloulase youbp
bl warer vae ac

i the Percent R@xi%&mm& of Porable
Waser is equal to ot gigater than 50%,
WE Credit 1.1 is easned.

If the Percent Reduotion of Pouble Wa-
ter is 1009, you must alss calenlace the
Percene Reducton of Townl Warer (Porable
plus Reuse) according to ¥ qaaﬁ@ﬁ 7.

I the Percent Bed %;z fon of o eabrle Wa-
ter is L00% AND dhe I?zrm:m Redue-
i of Total Water & ﬁqm% 10 gl preater
than 50%, WE Credit 1,2 is carned in
addivion to WE Credit 1,1,

Example

An office building o Ausda, Texas, has

& wotal site asea of 6,000 souare feer, The

site consists of three Egﬁdss::yg,}a Eypes:
groundeover, mixed vegetation and turfl
grass, All of the sive areds are irrigated with
3 chmbifation af potble warer and gray-
water harvesred Bom the building, The

IE)) % CF % 0.6283 gal/siiin

Dretign Casl TRV [oal] = TV [al] -~ Reuse Water [gal]

Eguation ¥
Baseline Case TWA fgal} o Area % (5%, |

Equition &

Tl £ 15 £ G82FY galfstiin

Percent Reductitn oF Potabl Water [5] = (1 ~ Design TRWA / mggimﬁ.‘m;g} €100

Eualion ¥

Parcent Reduction of okl Water [5 = {1 ~ Design TWK / Baseling TWAY % F6D

iimd 1
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peference evapotianspiration rawe (ET)

for-Austin in July wis obtained from the

local agricubrural data service and is equal
v 8.12, The high-efficiency landscape
frrigation case urilizes drip lrrigarion
W!@‘h an officiency of 90% and reuses an
estirated 4,200 gallons of graywacer dur-
ing the month of July. Table 3 shows the
calenlaions 1o determine porable water
use for the desigin case.

The baseline case uses the samie refer-
ence evapotrangpiration rate and total
sire area, Heowever, the baseline case uses
sprinklers for irigation (JE = 0.625), does
not tke advantge of gravwater barvese
ing, and uses only shrubs and el grass.
Calealations. to determing porable water
use for the baseline case aré presented in

Tabile 4.

The example llisraes thar che design

case has an irrigation wager dermsand of

25,474 gallons, Graywater teuge provides
4,200 galions wowards the démand, and
this volume is meared as a oredic in the
water cafenladon. This, the total potable
water applied o the design case in July
s 18,274 o mﬁlﬁcms The baseline case has
an irrigation demand of 62,518 gallons

Fabile % Design Case (luly)

and redses no graywater: The difference
berween the ove cases resultsin potable
water savings of G99 for the-design case.

Exemplary Performance
Thereis noexemplary performance polnt
avatkable for s oredis

Submittal Documentation
This credit is submiteed in the Elesipn
Subrmittal,

The following project dam and calenls-

tion information iy reguired to docament

cradit compliancesingthev. 2 Submis-

tal Templates:

O The projects caléutined i:majine K’aa-mi
Water Applied (TWA) (gal), Thisd

can be obuained vsing E‘qmau{m ﬁi

0 The projects caleulated. t:%e;ugn case
Toral Warer Apphied (TWA) (gal). This
data can be obwined using Equation
5 .

0 The ol son-pomble warer supply
(zal) avallable foririgation purposes.

LY MNarrative describiing che landscap-
ing and irvigation. design strategies

Shrubs 1200 low(2  Avpll Hight.3 63 2310 Drip 2,815
Mixied 3800 lowi2 Avgll High1.4 ©8 250 Drip 16,837
Turfgrass 900 AvglF  Avg L0 Higﬁ i3 GE 682 Sprinlder o 9HZE
' Subtotat [gal] 23474

jiﬂ} Ratwater and Graywa‘ﬁ:ﬁ? Haryest {gaE} {(8,200)
Net GPWA [gal] 19,274 |

Table 4 Bass e Cabe (laly)

Shruhs 1,200

Hyg 0.5

Turfgrass. 4,800 Avg 0.7

Hagh 1.2 &B E& 32 Eig’;a'mk er 5}2 334

Mot GPWAgal] ¢ BnE1B |




empioved by the pavjecy; deseription
of the witer use-caleafation method-
ology used to determing savings; and
j g non-gorable. wates,
specific informagon reparding source
and available guantity of nog-potable
supphies.

Considerations
Landscape irvigation pracrces in the
Upired Stares consume large agxmmatms
of porable warer. Clurdoer uses, piinar-
ily landscaping, sccount for 30% of the
26 billion g g,&ﬁfmwa of water consumed
United Suires®. Hoiproved
fandscaplng pracvices can deasmatically e
duce and even ehiminae iﬁ‘ig&.&imﬁi i1

Maintaining or recstablishing native or

adapred plants on building sites fosters
4 selfosustaining fandscape dhar requires
mindmal supplemental water and provides
other environmental benefivs, Improved
irrigation systerns can also reddce water
consumption, Treigation typically uses po-
rible watet, although non-powable water
{eqg, rainwatern, graywarer or reclaimed
water) is equally effective. Ferigation sys-
ram efficiency varies widely, and high-ef-
Bciency irrgation systems can also reduce
potable water consumiption. For example,
high-ethciency duip irvigarion systenis can
be 959 efticient, while sprinkder ot ﬂip&’w
irtigation systeens are only 60% to 709

effciens”

Environmmentalissues

mead mmi&s\:% i

Heduosion in 't:‘? 16

,:aiﬁ
smp“
pgedad
native wildlife uz@:‘,uugﬂacf
ﬂ’iifgmfﬂ; with i
Inaddivion. nagive vz adg;m d p% ants tend
rorequize fess foriihizer and pestiaides, and
thus teddos water [.{?léé.ﬁ'%?‘dm sradation and

for prigationowhile slioatracting
m]?ﬁ i

other envirenmeiiad Impaces,
Economic lssues

{?z;ifm}tﬁy,, thie moss effeotive strategy to
svoid escalatingwater costs fofderigasion
is to design lndscaping: mﬁia;wrag% to the
local climate and the sites inferotlimare.
The cost can be reduced or elininaréd
through theughtinl planning and cape-
ful plant selection and lavans, Native o
adapred plants further rediice. operating
vosts because they reduire less fendfes and
maintenance hag turf i s, ﬁi&z{fﬁg it ehe
addirional design cost for a drip irdga-
Flon system may make [t more expensive
than a convendonal systém, 3 drib system
asually costs less vo insgall and has lowey
water use and maintehinee regquiremenss,
This tsually feads o 2 very short paybiack
period. Many municipaticies pffer rebares
ot lmcestives for water-efficient ieriparion
systenns, dedicared water meters and rafn
GF IHASTHIG SCHSGE.

Cornmunity lssues

Warer-efticient landscaping helps w
conserve Jocal and repional porable warer
FESCUTCES, M‘aénmmiﬁg pacural sguifer
conditions i iporant © providing
selisble water sources for future gen-
erations. Lonstderalion of water e
during planaing canencourage develop-
mient whesn resources can support i, and
prevent development if it exceeds the
IESOUICE CApatity,

Synergies and Trade-O¥fs

Swiceessful watgr-effiviend landscaping
depends on site focation snd design.
Te o advantagcons ;
Inprovensens v
strategios. The usg of
planes can sediive’sho s
mlﬁxm pe pi

S ettsl '*mfz“gy
by shading

pasgive s»r}isw dwa g, strve s 2 windhreak,
provide pleasast views for bullding oc-

LEED for Meve Construchion Version 2.2
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cupants, and muttle off-sire noise, Native
plants can restore habitar for wildlife.
I additdon v reducing porable warer
COTSURIPTION, FAIWALET CAPIINE SySiens
can be used to mandage ralnwater runofl
Usiag graywater for wrrigation reduces the
atnount of wasrewater delivered to water
rrenement facilivies.

Hosources

Web Sites
America Ramwater Catchment Systems
Association {ARCEAS

EETWEICE- USR.ONE

ARCSA was founded 1o promote rain-

water catclmment systems in the Unived
States. ts web site provides regional
resources, publications, suppliers and
membérship information.

Graywater Systems, Compost Toiless,
& Hais Collecdon

wrss il oredsitepages/pid 287 . oho

This web resource from the Rocky
Movntain Instinge provides general in-
formation and links wo wesonrods on rain

- collection and graywarer systens.,

The Irrigation Association

VwIETgation. oty

This nonproby org"mimmm focuses on
promoting produces dhit eficienty use
water n irrigation applications,

Hzin Bisd® ET Manager™ Scheduler
Software (right hand side wnder “Help-
ful tonls”™)
heeesffwww rainbird . comflandscape/
products/ controlléms/sunanaeet him

This free software provides safficient local
evapouanspiration data for the United
States and Canada. Usedatifrom the dlos-
est or most climate-appropriace focation.
Texas Water Development Board Web
Site

veww.twdb. stare. o s

ThisWeb sire provides data froza chestate
of Texas regarding warer tesoluces and
services, such as‘groundwater nmpplzw
and water availabilivy niodeling, The site
absor provides published broghuses regard-
ing indoor and ovidesr water efficiency
stritegies.

Water-Efficieot Landscaping
hurpsf/muextension missourfedulxplor/
aggiides/hort/p06912.hom

This Web sits has general descripions and
stravegies for water effidency in gardens
and landscapes,

Water-Efficient Landscaping: Prevent-
ing Pollution aud Using Resources
Wisely

https/fwwrwepa.govi OW-OWM b/
watsr-efficiency/docshwater-efficien:
landscaping. 308 pdf

This manual from the Envivenmental
Proteceion Agency provides informa-
tion abour reducing water sonsumption
through credtive landscaping rech-

nigues.

Water Wiser: The Water Efficiency
Clearinghouse

WWW. AW orniwarerwiser!

This clearinghouse prov iddes articles, refer-
eiroe matertals and papers on all forms e’if
water efficiency:

Print Media

Landscape Irvigation: Design and Manage-
ment by Stephen W, Smich, John Wiley
and Sons, 1996, This texr is comprehen-

stve guide to landscape irsiguion strute-

gies, rechniques, and hardware.

Taarf Irrigavivn Mannal, Fifth Edition
by Richard B. Choare and Jim- Watling,
Telsco Im‘fl.m-risg 1994. This manual
covers all aspeces of wrf and Jandscape
irrigation.

Diefinitions

Conventional Irsigation refers 1o the




most cofnpon ferigation sveem used in
the fegion where the Building is lovated,
A common conventional irrigation systeiy
uses. pressute to delivierwater and Jistrib-
wies it thivugh sprinlder heads above the
ground.

Dreip Ireigation isahigh-efficieney irvigas
ion miethed inowhich waver is delivered
ar low pressure chropgh buried mains and
sub-maing. Prom the sub-matns, waser is
distribured vo e soil fram & vetwosl of
perforated tubes or emitrers. Didp lurign-
tion is a type of micro-srigation.

Gravwater is defined by the Uniform
Plumbing Code (UPC) inies Appendic G,
ded “Girayvimter Systerns for Single-Fam-
ity Drwellings,” as “antreated bowse-hold
wastewater which has notcome inte cotibaot
with toiler waste, Graywarer hcledes used
water from bathtubs, showers, bathroomn
wash basivs, and v bom dethegwinder
arw by vubs, fodhall notinchude waste-
water fror Bechen dnks or Aoy
The Haternadonal Plumbing Code (IPC)
definres graywater ocits Appendix €, tirded

“umes of watern. The s

“Chaywater Beoveling Svstoms.” a5 “wagie-
water dischdrged from hvarories hatheobs,
shawers,’ clothes washers, dnd laundrey
stitks” Sorse stares anid Total auchorites al-
b Tedteie sl wwisrewater i be included
i graywanes. Other diffeitnors with. the
VP and I debinitidng can pit
fotarich b suite snd Jocalsodos: Prajoot ceams
shotdd comply with graywaiar definitions as
established by thie authority baving jurdsdic-
tio i their areas,

The Landscape Avea of the site s equal
to the ol site aren less the building
footprine, paved surfaces, water bodies,
parios, ot '

Micee-irrigation fnvohes terigatdon sys-
terns with small sprindders and micro-jers
or drippers designed 0 apply small vol-
mnikiers and micro-
iets are Hasralled swithin o fow contimeters
of the ground, while drippers are laid on
ot below grade.

Potable Water is warer subibidefor deinle
ing and supplied from wellser municipal
WALer §¥SLEmS.

LEED for Mevw Cormstruction Version 2.2
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Summary of Referenced
Standard

There is no suindard feferenced for this
creehin,

Approach and

implementation

Patable water s used for many Fune-
tiong thar de nor require high-qualicy
water such ag voller and vdnal Aushing,
and landseape imigation, Rainwater and
SrAYWAITCr SYSTIS Can si.gniiﬁﬁ:&ﬁtiy-‘r&{ﬁmﬁ
porable water demand. Graywater sys-
tems reuse the wastewarer collected fiom
sirtks, showers and other _:»;émmzz;'fﬁr the
Hushing of tollews; landscape inrigation,
and other functions that do not réguis

potable water. Graywater weapment may
be required prior to reuse aceopding so
end use and stare jusisdiction, I3
likely chat a graywarer system will be
used in the e, install doal plombing
lines during the inidal construction to
avoid the substantial costs and difheufey
in adding them later. Rainwarer systems
provide non-potable water suitable fos
landscape irrigation, Aushing wilers
and urinals, and process water needs.

Hainwater systerns have signiffcantly

tewer code requirsments than graywater
systems and are often less expensive thian
graywarer systerss, Ralnwater from ool
orsite cas also be collected and harvesred
to help displace porable warsr demand.
Rairiwater collecred from impervions sue-
fuces reduces ratnwarer unoff and control
infrastructure requircinents. Ravwater
retention or detention systems can be
designed with cisterns 1o hold nmwawi
runoff for nos-potable usage.

The necessity and availability of wasre-
water rense and trealment strategies s
heavily influsnced by the projeets sizeand
focation. Very large projecrs or campuys
setrings may provide sufficient econonile
FEASOT: T WAITALE OT-SI0e Wastewater treat-
ment. Close proximity to a muaicipal or

private sreatment |

| WHSTCWAIST VSIS, gray

“for exariiple, have stand

ity cany provide an
reaved wastewarer
le water demand. In

ro displace porab
remote locations, it may be more cose-
effective to use an on-site wastewarer
treatpient system than o extend existing
infrasteucture.

Conversely, a project locazed in a dense
urban envitonment with litde available
stie aren may not be able to achieve dhis
credit through development of on-site

witer spsters, but muy'be able to utilize
municipatly pzcmdui recycled water 1o
reduce potable water derand.

This. credit has close ties to water off-
cleney efforis becagse o greater mmount
of pomblc warer mv&é" ten fesis in
ﬁ.smnc@
losets, urinals,
et notomly reduce
p@m‘%ﬁx waLer énmmd %}m: alse reduce
blackwater volimes crears
forrance resulty will 6fen
those of WE Credis 3;
Addirional energy use may be needed for
certain or-site treatment operationsor for
reuse strategies. These agtive systems also

’ Eﬁ?&%ﬂk £e commissionin 4 il i m‘ezmmmt-

Soverificarion atrention. Reuss of an exist~
ing building could hinder adcs ipnofan
oi-site waseewater treatment faciliey

atrvwater,

When. considering an on-site’
graywaret eollection or blackwater treat-
ment systém it is imporeas w frse check
with local government agencies: wsapuli-
tians governing the use of this water for -
{rrigacion and the par.mit&_mqmzade e

‘-fé:is a ziad

Each state has its oW saané

. rs,qmrf:mmm for the msml ation and op-

eration of rainwate, graywaters andwater
treatment systems, Texas and Cal {«;uma,

age the use of graywater systerig while

other states have ie@uﬁ&_ ane that may
Limic or prohibit graywater .y 2. b many
areas, irrigasion with gnaywater must be

i




subsurfice, although some regions allow
above-ground irtigation,

Prajects char plan fo-treat wastéwater an-
site should consider a trenoment system
such as corserucred wetlands, a machant-
cal recirculating sand fleer, or angerabic
biolagical treatosent beacror.

in the case of any specialized systemy, is
ir imperative thar key maintenance seaff
be traiped in the eperatioins and maine-
srance of the water systerms,

Caleulations

The following caleulation methedology
is used o support achievement of Ope
sion L.

Figriare: 17 Aoy Hlustration of 2 Bain Haresting System

Rain Harvest Scuppérs

r Raln Leadayr

o Lo Floww Fixtures |

Lifting Pump,

- Srorage ‘?-'mia\_\\ A

- PotabieSupply,

Oueupancy EA

Caleulaze the Full-Time Equivalent l ”
2

S SU—

Credit 2

(FTE) buﬂdimg oceupants based on g
standard $-hotr oceupancy period. Ao
B-hour occapant bas an PYE valae of
1O while a part-time occupant has an
FTE value based on their hiouis per day
divided by 8. (Note that FTE caleulations
for thie project raust be wsed consisrently
for &ll LEED for Mew Construction
credlies.} I buildings with multdple shifis,
use the mumber of FTEs from ol shifts,

ds L
sigoe this credin {s based on annual weter
CONSUmMPrion.

Herimaré the Transiesy ball

ding cccu-

pants, such ae stadens, wisiters and cus-
tomers, Swce this oredic s based on an-

T
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nual water consumption, use a-gansient
oceupaney number that is 2 represertative
daily avegage.

If the building has both FIE
sient ocoupants, caladate the water use for
each hxiure separately for sach occupancy
rype. Thiy separation lynecessary to rep-
resent the unique usé patterns, For resi-
dential projects, the number of residents
is used as the ocoupancy number
Hoter WE Credin 3, Table 2 provides
default fxeore use m%uw for different
GOCUPEILY tYPes.

and Tran-

Design Case
Wastewater calculations are based on the
annal generation of bladewater volumes
from plumbing fixtures such ag water
closees and wrinals. The calculations
compare the design case with 2 baseline
case. The steps wo calculate the design
case are as follows:

i, Creanea spreadsheer Hsting cach fepe
of blackwater-generating fisure and
frequency-of-use data. Frequency-

ol-use dats fncludes the number of
female and male daily uses, and the
sewage generated per use. Use the datly

use assumiptions show i Table T as

the basis for ihﬁ"uﬂuiﬁﬁuﬁlﬂz&, unfesy
alternate agswmptions on daily vse

can' be supposted. by specific back-up

documentation. Using these. values,
calenlare the towl sewage Fenerated
for each fixwure type and gender (see
Equation 1)

Eguation 1
sewage [gall . | e 5 Duration [mins or f ushEs] &
Modurne
Equation 2
Drally Sewage fast] ( Male e Hewage
Generation 15 Decupants Generation

Eguation 3

Arirsal ﬂewaggf s3] = Total Sewage ‘w Al
Ciepreration Gengration | day |

2. Sum all of the sewage generation
volumes wed for each Tikture type
abtain male and female dully sewage
generation voluties.
Multiply the male and female sewage
generation volumes By the number of
male and female building ocoupanig
and sum these volumes w obraly the
daily rotal sewage genemtion volume
{see Eqaation 2),

A

. Multiply the viveal duily séwirpe volime
by the sumber of workdays:in « typical
yeat 1o obtain the wealanmual sewage
generation volume for the building
(see Eguation 3.

Pl

If rainwater hatvest oF grayiwiter reuse
strategies are emploved tnighe butld-
ing, subtracy thess annual volures
pesieration

.2

from the annual &ﬁw:gg
volume, The resil shovs
potable watér s nsed Tor sewage con-
veyaice atuatly '

Table 1 shows example po bl water
cale uiauom for sewage wnvaymw 8w
wwo-story office building with a capaciey of

300 ocanpants. This caloulutions ard hased

ona typical B-hourwerkday. It tsassamed

thar bullding eecapants are 50% msle and
50% fermale. Male ocoupants ane assumed
1o use warer closes onceand urinaly twice
in & typical work day. Femaleocoupants are
asstumed to use water dlosers thige times.
When usitg graywater and raimweir
volumes, calealarions are requived. o
demonstrate that these rese volumes are

Water Yolume [gal]
Hse foin or flush]

ooy [ Fendle
ig?fl-} * (Qccu-p:«aﬁf?

% Workdays [days]




Table T Duslpn Case

et

?ic}w-vﬁﬁw Water é’iieﬁe‘f {?»Em;s 3 455
(Composting Toilet {falel i3 Lo EED &
Composting Toilet Fernale) : & (.6 159 g
Wiaterless Liinal {Male) 2 iy 150 o

Waterless Urinal (Femaiel a 0.0 150 : 0

Total Daily Yelume [gal] 495 |

Arssal Work Days 260 '

Annusl Volume {gall 128700

Rairwater or Graywater Volume [pad) {3s.0000 ¢

TOTAL ANRUAL VOLUME [gal] T wren |

sufficienrs wo meet water closer demonids,
These quaniidies ure then subrpsesd fiom
the gross datly worad becunse they reduce
potable water usage, fn the eample o
E@E}%@- I, 36,000 gﬁﬁﬁ;}ﬂ&s. of raluvaser are
harvested and direered o warer cdosers
for Bushing.

Baselne Case

Repeat dhe above caleulation methedal-
agy for the b iaf«'és};ém:: case, Use Huerpy
?{mcv Aot of 1992 fwoure fow rates {“m*
the b ﬁ&ast’hf‘}.t-,. cane (_:?,Mi W Credis 3, 1able
1. Do noe change the mumber of buildin o
accupants, the number of workedays, or
the frequency dats. Do not include grav-
warer of spinwarer harvest volumes.
Table 2 provides o sumemary of buseline
calerdations. The baselive case estighates
that 327,600 gadlons of potable wager per
year are wsed for sewage conveyance.

Table 2+ Gasefite Cose

Comparison of the baseling o the de-
signied building indicates thar a 72%
redhiction in potable warer volomes used
for sewage conveyance 1 realized (1
~ 92,700/ 527 600}, Thas, at%m stfategy
earns one polnt for dils "
developing the buseline, sis:m%,jf the Gxrures,
sewage genefation rafed daed e warer
reuse credit are diffeiehe frogs die de-
signed building, Uhase fales, dvsupancy
aerd pember m‘ w{;zi{&f&grg are identica for
the design case and the baselive case, See
Table 3 for sample fxtie Hiwr rates.

When rensing graywater volumes from
the building, it s nécessary to mindel the
systers on an angust basis to derermine
graywarer volumes, gﬁéﬁﬁrgmé storage
eapacity of the system and @ity neces-
sary treatment processes belose reusieg
the warer velumes, (raydater volumes
mmiay or may not be consiseently avatlable

= foinet {r{héy“a iy i
wal [raale)
Sriviad {Fasiie)

Aanual W{};‘% E}-;ﬁ}zs

TOTAL ANNUAL VERUME 52 327,600

LEED for New ConstrucHan Version 2.2
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Table 3; Sam;ﬁe Fhetyire Types and GPFs

1.5, Gréen Building Councll

iz4

'E:anveﬁtmmai_iﬁfater Closet - . " 'LB

Low-Fiow Water Closet: e L
Ultra Low-Flow Water Closet 0.8
Corposting Toilet 6o
Corwventional Urinal 10
"Waterkess Urinal ©00 |

throughout the year because these vol-
s are dependenton building ecoupant
activities. For instance, in a typical office
building, graywarer volumes will change
shightly due o vacation scheddles and
holidays bue should be relutively consts-
tent over the year,

I contrast, graywater velunies in 2 school
building will substantially decrease in
surmer monchs due ta the school calen-
dar, and thercfore, graywater volomes mdy
not be available for rrigacdon.

1f the project uses rainwarer velume as a
substizuse for porable volumes in water
closers or tirimals, i is necessary o calou-
lare water savings over @ dme period of
one year Raln harvest voluime depends
on the amount of precipitation that the
project site experiences, the rarawater
collection surface’s area and: efficiency,
and srorage rank capacity. See Equation
4 and c:(m:,;.;ﬁt a ralrwster harvesting
guide for more derailed instruction.
Rainfall dara is available from the local
weather service [see the Resources seo
tenl. Rainwater volume depends on
variatiens in precipitation, and dhas, &
is necessary to model the reuse! strategy
o an anmual basis. A model of raimwarer
capture based on daily precipition and
occupant demanid i hﬁﬁ_g}fu:i'm determine
the ratnwarer volumes caprured and stor-
age wank sige. Subtracy annual rainwater
e fx‘f;v: sEwage conveyance in the désign
case galeilations.

Equation 4

The following calculation methodology

is used v supporr achicvement of Op-
tion 2,

1. Creare a spreadsheer listing each type

!:».'2

4.

of blackwater-generaring fixeure and
frequency-of-use data. Frequency-
oftuse data includes the number of
fernale and. male daily wses, and the
sewage generated pet wie. Use ihe daily
use assumptions shown-in Fable 1 as
the basis for the cafeulations, upless
alternate assumptions on daily use
can be supporeed by specific-back-up
documentation. Using these villues,
caleulare the wital sewnge genprited
for cach fxrure thpe and gender (see
Fguation 1},

Sum all of the séwige genaration
valumes used for each fixmuse type to
obtain mele and female deily sewsge
generation volumes.

- Muldiply the niale md ferialte sewage

generation volumes by tlie: atiber (}f
1"1’%@11(, and fernale building ocoipants
and sum these volymes to obtain the
daily rotal sewage generation volume
{see Equation 2.

Multiply the rotal daily &LW&E.;L volume
by the fmmimﬁ of wor iqiays inaeypleal
year to obtain the toral annual sewage
generation volume for the building
(sec Bguation ).

Divide the annual volume of wastewas
ver that i veated and rewsed andfor
infilirazed on site by the caleulared
sninual sewage generation vohume for
the building to determine the percent
reducrion of wastewater tharis released
into the municipal sewer sysvem.

Exemplary Performance
Projects that demonstrate & _.1-{}(}% e
duction in porabde water use for sewage

Hatrwatel Yolume {gall = collection aréa {sf] x collection ﬁ:?fmem:y g awemga_ ceirifalk Hinlac 06233 galfifin




conveyanad, EIR, oregive ety and
Wil orcon ol L00%: of geresred
wastowarer will be considered for one

j2ind RE

additional point under the Innovation fs.

Plesign category.

Submittal Documentation

This eredic s submivied in the Diesign
Subeeittal,

The following project data and g&iw&;—-
don information is required to docapmen
credit compliance using thew. 2 fm%yfm&w
tat Templates:

W Upiuasﬁ the applicable ;’ﬁm}}bm i dhpawe
irugs from the consteiedon doctireigs
thiat provide data regavding an
WASTEWATEE treatiiei ﬁzmim%s

W The projeer’s calewdited ecoupiants
The weeaplare il gsc 2 defaple ene-
toron en W women ratis, Projears
with specisl vcpupancy situations thar
resute i an vnbalanced vatio m
project specific da for this credin,

03 The project’s calenlated baseline water
usage for sewsge conveyance. This
dara is caleulared wsing vypical Bxture
tvpes (provided in the templice) and
the project’s mix of occupants.

L3 The project’s caleulared desigh case
water usage for sewage cOnveyande,
This daea i calculared using pro)
wpm;i&ad fixture types and kht‘
miix of pecupants. Now: p
st provide the follped
information forcac
fush Gxeure type _
er, fixetire madel, Hush! vaié in gﬂdirmq
per fush {apf).

W For projegrs v
for sewape cony

fof sewape convevabie plrposes.
L} Fop phopcns treadng wistowater oni-
site, prowiden e wnpual guandi (gal}
of water tredter; the dnmial quantty
(gal} of treated warer that Is § ahitrated,

> potable water
I‘W’*é{i*.w& § = the

praject, Forp T cabile
information

wiater; inclitde sped

regarding any rechiimed warer vsage
(grayesiter re-use/vikbwater reuse/
onssive of mundelpally tresied waste-
warer}. 1f vhe pesfect is trearing waste-
warer om-site. to tertiary standacds,
inchude specific inforiion regarding
the usels) of vhe treated Wastewarer,

Considerations
Cost lssues

Cominercial snd ludiseial &
generate la

Hites thar

rgalize cohgid

large volumes of geavswater thar can be
effectively veated and reiged, Often, a
separate tank, fileer and g emiters
are necessary for @ graywater erigation
systemi. [rual sapivary and praywarer
distiibution g’“s%;‘}ﬁ:mzée:}}n%}w wrstruction
prpmg? costs. In addigien, - il coddes e
quilring fbrraio, d E‘&iﬂf{,ﬁ}wﬂ ereabent,
overiow protcgion, i, o 1 tor dia* CEvEL
of constene imm speration, aod makite
ranee; all of whic il b consideesd
by the owner w}‘{éﬂ sigking a decision
w0 tollect maywater. Collection and use
of minwarer for aon-pouible warer ap-
plicatiens has sipnificandy fewer code
requiterents and associired costs. The
highese cost in miogs saivarer svstems
is for watdr stopiié. Storage tanks and
cigterns pomme ery ot sizges and
materiaky, Do i :
don costs by
a;’f{iing s SHEEEn
4 storpwates dot
systeins, pumpsare reqguired for disrs
ton, incarsipg addidonal chergy costs
requited for operation.

vtk

wollect reinsrater
vioresysrery D some

TR

EA 'm? EQ 35.3

™
&
o
=
.
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Water recovery systems are most cost-
effective in areay where there is no
municipal warer supply, where the devel-
opied wells are unreliable, or ¥ well water
r@qﬁjs'e*; ereacrnent. Collecting and wsing
ratnwater or other site witer volumes e
dices site runeff and the need For rupeff
devices, It gleo minimizes the need for
utiliep-provided water, thus reducing some
irntial and operaging costs: I Some areas
with a decentralized population; colke
of raimwater offers a low-cost alternative
w0 a central piped waner supply.

GHE

A constructed wetland for wastewaver
rearment can add value tea development
as a site enhancemeént, Werlands are bes-
eficial because thay provide- Hoed prorec-
rion and stabilize soils on she, Currently,
packaged biological wastewarer systems
have an inigal high cost, relative to the
overall bullding cost, due w dhe novelry
of the wehnology.

Envicoriments! Bsues

Oin-site Wastewarhbty (Tearmbin sysiems

wransform perceived “wastes” oo re-.

sowrees thar ean be used on the Euiiding
site;, These resources inchyde treatod warer
wlumes for potable and non-potabile use,
as well as nutrients that can be applied
to the site to improve soil eonditions,
Reducing wastewater treatinent ar the
loval wastewater treatmwat works ming-
mizes public infrasiracuire, energy use

arrd chemvicad ase. Fnororad areas; onesize

wastewater treatinent systems avoid agui-
fer contaminarion prablems prevalénr in
current septic syseam rechnology.

By seducing potable water ase, the local
squifer is conserved as a water resunsce For
furare generations. In areas where aguifers
canmot meet the needs of the population
economically, rainwater and other recov
ered water is the east expensive alternative
source of water.

Fronomic Issues

Whastewster trearment sysiems and water
recovery systems involvean inidal capital

mvesiment in addition o the mainre-
nanep requitements over the buildingls
liferime, These costs must badance with
the anticipated savings i water and
sewer bills. This savings cin reinimize the
asmount of potable water that a simicipal-
fy st ;;;frmfi_céf; thereby leading to more
stable water ratesand resovrees needed
for economic growth,

Regional Issues

Local precipitation throughout the year
should be facrored ingo determining the
feasibility of rainvwarer hasvesting systoms
for use in reduction of potable water for
plumbing fixture flushing, and landscape
irrigation. Local building and health
cades/ordinances vary with regards to
allowance of graywarer or harvested rain-
water systers; and they are prohifbired in
some stares, Additionally, codes differ in
How alternacive plusnbing fictares,
a5 dual-Bush warer closets, composting
rofers and nonowares wsing urinals are
handled. Ie is criteal to confinm accepi-
ability of non-tradizional approaches with
code officials prior to comminment to
specific water saving strategies.

Supply water quality from graywater and
recycled water sysveros shold also beé con-
sicdered Iy fiveare selection. Project teanis
should identity i minimim stipply wager
qualiey standards have been established
for specific fixtures by manafaceurers.
When recycled graywater or collected
raimwarer s ased with pluinbing fxeoures
destgned for use with municipally sup-
plied porable water, v Is good practice 1o
verify that supply water quality is aceept-
able amﬁ will not compromise iangwmrmn

ﬁxmm petformance.

Hesouress

Plense see the USGBC Web site arwww,
usgbe.org/resources for more specific
resources oan marerials sources and other
technics] nformation,




Web Sites
Amerivin Raipwarer Catchment Sys-
temis Association

WL S PCAA- 1IN Sarer

Includes a compiladon of publications,
such as the Texas Guide o Bubmwater
Fharvesting,

Constructed Wetdands for Wastewater
Treatment and Wildlife Fabitap 17
Cave Stidies

L5 EPa

EPA Poblication Mo, 832/B-93.805,
1993,

werw.epa.eoviowowlwed wpdsfconsrrug/

Thie case studies b vhis documseny provide
brietdescriptions of 17 wedard treanment
systemms that peovide wares quativy benefivg
while also providing habivu, The proj-
ety deseribed include systems lnvolvibg
comsrructed and narurs! weslands, habiay
creation and restoration, and the ime
provement of menivipad effluent, urban
stormvwater and river water quality.

How to Conserve Water and Use it
Effectively
U5, EPA

herend fervew. epaeovi OO  noy/chap®,

A ULS EPA document that provides
guidance for commercial, induseral and
resiclential water users on saving warer and
reducing sewage volumes.

Ornrsite Wastewstor Treatonent Systems
Mansal

?hza fapual provides g fcused and
pﬁ?i aerudniceDaged ;}pﬁ'“{i}a‘zh T oi-site
wastewater teatnenand sysiem nanage-
ment, inclading Informiation niea variety
of on-site sewage freatinent options.

Print Media
Mechanival ¢ Bl
Ruilding:, F

!‘}'KL £ e&m { SUM vy e
Sems, 1992,

Sustaineble Bulliisg Technical Manual,

th

Bublic Technology, Ine., 1996, bewwpul,

Onsite Wastewater Trostment Systems
Manual

wwwe,epa,gov/owmisvpiic/pabs/
septic 202 ssdirs all 1::1-};.u

Provides s focused and performence-based
approach o ou-sifc wasigiame eatment
and systern managcmiig s
prewides valuable ;*z%e‘s«zfmmm i 8 variety
of on-site sewage treatment opiglons.

Definitions
Aguatic Systems are ¢oologically de-
sipned tregtment syseenity that wrilize 2
diverse. community of Blological organ-
isms (e, bacreria, planes and fish) wo
foat wastewaier to advariced levels,

Blackwater does not huave o sihede defini
ron that is accepred nafionwide, Waste-
water from reile ;
always considery

Fusinals is, however,
blackwarer

&

Wastewater from kirches
differentiated by the vt of 1 garbage
dispasal}, showers, or bathtubs miay be
comstdered blackvwager: b s loval
codes, Project rearmyishotild dovmls with
the blackwarer definivion. a e hed
by the authority having | u.{ff&d;{:uc;s}: in
thelr arsas,

sinks (perhaps

Compaosting Toilet %mwm& are dry
glumbing farie

treat human waste via ay
DPOUEESES. -

tobiologleal

Graywater (ulso &g}aii&gi gwm‘mu atid
gray water] i5.defu vl Uniform
%? E‘iﬁ k‘.:;.‘. f}ﬁgﬁﬁ}'\@.iiﬂ.zig’&

Plumbing Code (U
€, tirled “Caray water Hysuetos {or Single-
Fanily Drwellings,” ag “onireared howse-
hold wastewaser which has ot come

LEE D for Mewe Eonstraction Merston 2.3
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“marerial, ¢ luﬂg with B mlu

irve contace with toilet waste, Grey water
ineludes used water from bathoubs, shows

ers, bathroom wash basios, and water
- fram dothes-washer and laundry tubs. ke

shall not include wascewster from kitchen
simks or dishwashes.”

The International ?lanﬁbiag Chgde (PO
defines graywater in irs, Appendix C,
dtded “Graywarer Recyclig Svstems,” as
“wastewater discharged from Tavatories,
bathsubs, showers, imims washers, and
laumidey sinks.”
Same stazes and local autherities dflow
kitchen sink wastewirer w be inchided
in.graywates, Other differences witly the
UPC and 1PC definidons cad probably
be foind in stage and local codes. Project
reamisshould comply-with the gravwater
definitions as established by dhe authority
having jurisdiction in dheir acas.

Onesite Wastewater Tiroatment usés

localized trearment :;ysm;ﬁs o thanspert,

seore, wear and dispose of wastewarer™
vishames generated on thie priject site.

Non-potable Water is water that is nor
suitable for human consumption without
sreprment thar mests or exceeds EPA
drinking water standards,

Patable Warer iy wyier thor is suimble
fsr drinking and is supplied from wells
or municipal water systems,

Process Wager iswater used vifyetustrial
processes and. building systems such: as
cooling tewers; botfers wod chiflers,
Tertiasy "Imﬂtmmt is the highest form
of wastewater creatient thar inclodes the
removal of nuents, organic and solid
ol orchemi

cal polishing (penes aﬂy it Lfﬂum% fimies
of 10 mg/L BOD, and 10 mg/LTSS).

A Nan*WatepUsmg Urinal is a osinal
that uses no water, bt instead replaces
the waser Hush with-a specially designed
trap that contains a layer of buoyant
liguid thar foats above the wrine ayer,
blocking sewer gas and urineoders from
the room.
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Summary of Referenced
Standard.

‘The Energy Policy Act (EPAct] of 1982
ed by the US.

This Act was gww z.,i‘l“--

guivernTaen - gpergy and
water wee Ly eomymerclsl, Ingsdnstional
anel residenpial facitivies. The warer vsage

requirements of the Energy Polioy Acr of

1992 are provided it Table 1.

Approach and
implerhentation
Water use strategies de
tocation and site design. Projece sires
with no access to municipal potable warer
service sypically use groundwater wells
o satlsfy porable warer demands, Siee
locations with significant pfﬁ:“uplmili}ﬁ

vend opt the sie

volmes may derermine thie rense of

ihese volunies is move cost-effective than
creating swormwarer treatment facilites.
Porable water vse bs significans for hriga-
tion apphications and is divecely correlied
with the amount of wastewassr generared

orpesite,

Some water-saving technologies lmpact
energy performance and reguite cominis:
sioning and Measoremens & Verihieation
(BA&Y ) nrternion. Rese of L@z%gt%zzgétmiﬁﬁi»
ings roay hinder warer efficiehoy nigasises
dee 1o space constgaing or characteristies
of existing plurebing Kxtures.

Whils graywater collection and starage

mdy mot be o water reduction metd
Hhat ity owhers and dedigrecs bave the

Fable 1:0 -t::g;fié‘

opportunity tednclade in cheir prc};cms
Tiseires are,
sy the conde

dvgridlaron
el collection

e %§;;mm;ﬂ'

i

high-citiciens
Eagly planni _
vedaterd fasues mssoinie
arned vse of wab
syseeims, and high-pert
fistures sucly us nowswster-using uginals,

Effecrive methods to reduge potable
water use inchider regse of sout mpof?
or collecred graywarer volumes B ron-
potable applicatiéns; mfa llation and
maintenance of autor ST SERR0TS
o metering concrols; insudlafon of flow
testricrons and/oe rednced ow derators on
lavarory, s, and shower i “%,m irigenl-

lation of low-consumpiion:
as dual-flush watee cosers and dlua-dow
Hush wrinals; msaalladon of diy fixoures
such as composting tolled. systerms and
aon-water-using ueinals.

Although water efficient dishwashers,
clothes washers and other water con-
suming fixtires are nor cotsted. in dhe
catculations for this credit deey may be
included v exertglary perfosmance calo-
faions. (Bee Ex xeRp shary Pﬁﬁmﬁwnw for
this cxedit) A variery of low-Bow 5l plumb-
g fiﬁfmms anet a,pg;i” iedl ard currently
avillable In the marks and can be
masalled i the saee roaedies us corven-
rional frvares.

tdrn mﬁmci anaii Fe %ﬁ’&"
ghon, options &w;ﬁ.ﬁ:ﬁ@ t the i
on i@{:&%aa}m code oot ;

EA ME] %&g‘;gﬁ

Ci’&gﬁ i3

i phumbdng
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bers as 4 buseline, estimate the potable
water feeds for the project based en es-

vimated occupant uses. Determine areas

of high water isage and evalae poteniial

alternative water saving technologies. Us-
ing the same calculavion methad, eramine
the impacts of alternative frvire types
and technologies, Corapare the design
cise water asage to the calcilared FPAG
baseline to derermine the a&;}{iﬁﬁ'&l waer
savings for the project.

o osder to ensure continued water sav-
mgs atid owner/occupant ‘&!HSEXLEE{}HE
it is imperative thar key matntendace
staff 35 traimed in the eperations and
miadirenance of any specialized equip-
ment, For examaple, not-water wsing
urinals genesally need o be cdeaned ac-
cording o manufacrurer’s specifications
and their chemical eraps appropriately
mainrained, ‘

aleulations

The following section describes £ calen-
fation methodology for deter muhing wager
uge savings under this credit. The caleu-
lated warer use reduction for the project
is the difference berween the' caleplured
design case and 2 baseline case. Thisesedit
percentage is dewermined by dividing che
destgn case uszge by the baseline usage.

The methadology differs from waditional
plumbing desigh whese the caleularions
are based on Axture counts; upider this
eredit, the warer use calonlariosn 15 based
on estnwted occupant u‘és}xg& and fixture
How tutes, Estimated ocoopant usage

is derermined by caleslating Full-Time

Equivalent (FTE} and transtent occupants
and applyingappropria fi:imim USE LALes
o exch type of ocoupant: -

Occupancy

Culeutare the Fulb-Time Equivalent
{FTE) building cccupants biased on 2
standaid 8-hour occupancy, period. An
&-hour ecoupant has au FTE value of
1.8 while a pari-time oceupant hag an

FTE value based oo thels hours per day
divided by 8. (Note thar FTE caleulgrions
for the project must be used consistently
for all LEED for New Constraction
credirs.) Ta buildings withmaldpleshifs,
use the pumber of FTEs fromeall shifes,
sittee this credic isbased an asmual warer
consumption.

Estimare the Transient building ocou-
pants, stch as studonts, visitors, and gus-
romers. Since this ceedie is based on an-
nvial water consumprion, gse & transient
accupancy number thal is s teprésentarive
daily average.

If the building has both FEE and Tran-
sient occapants, caloylare the water usefor
each fixeure ‘sépd}"iid}’ fokachc Cupaicy
type. This separation is mcmsfn"yf T mp»

resent the unigue use paiterns. For resi-

dential projects, the ngmber of residents
it used as the ocenpancy pumber.
Table 2 provides default fixcure use
values tor different sccipancy types.
These values should be vsed in the il
culations for this credit unless special
circumstances exist within the project
to require modification. The FTE uses
are: identical ro those used dn. L JED for
New Construction v2.1. The usis for
the other oceupanty fypes are pmmdmi
as c:@mpmtmse -ﬁﬁfm ues base

W ;ti‘i Eaudmw’ \fismr m& Rﬁm
occupants will also Have FTE ar.,mpmts
The Student/ Visivor category is imended
for college buildings, Hbraties, museims,
and similar building types. 50% of all
Student/Visitor eccupints are ass ‘mui
to use a fiash fiveare dnd a Tavarory
cet in ﬂ:}ﬁ E}m dmg zmd are 3"

ﬁxtm 28,
e,

fi uses per daaj&;_f Gf{ ﬁu,sh mﬁ:  flo
1 shower, and 4 kirchen sink

For consistency across LEED projects,




Table Ze5lu:

wd Fixchure st by Groupanay Type

fernals 3 0.5 &
: mate 1 4.1 &
|Urinal
9 femate o £ 5 nfa
; mals 2 L5 nfe
‘Lavatory Faucet 3 5 4.2 5
: {duration 15 seq
A2 sevwith sutocontrol)
 Shiirer 0.1 o o 1
* (duration 300secs R
E(fii:hen Sin, fon-resident] i & 0 rifa
{dugation 15sec; o _ ;
K:ig%en Sk, residential 11 e nia 4
{d ﬁ;’ﬁ%{&n & sech

the catealations require the use of a bal-
anged, oneo-one gender ragio npkoss

specifie project mnd:tmm WA
aiternative. For these special 5
the project eam will need o ;;mm;:i:z
a narrative description o explain the
ardLe eirctmstances.

The rotal Gxrore wses by all occnparies
mist be consistent in the desigy and
baseline cases.

Design Case

The desizn case annual water use s de-
esrmiined by totsling the afmizal volome
of each fxrire type and subtiectibg any
tewse of stormwater/graywaser. The do-
sign case faust use the actual flow rares

and fhash volumaes for fnvelled Bxvares.
The How and Hush dein should be ob-

ceabped from manubieainess published

product literature.

In addition to the typical fixtures shown
o the fushand Sow rxture clares CEabile
Fh, the project téam may add others, as
applicable.

Table 4 provides an example design case
water use caloularion, Wete thar Hush
Bxvnces, which include warer dlosers and
urinals, differentiare bevween fermales and
males. The caleslation should ensure diae
bioth the male and fomal
appropristely fepreseiits
used when approprige.

Senrpalis are
rois paay be

Talde 3y Enwrnple Fuish ane FHow Foteires and Baseline Flow Rates

4
& Comventionat Lavatory -
Howe W&%?r C%Qg 13 Losa-Flow Lavatory - _
Prual-Flush Water Closet [Fudl-Flussl 15 Liltrs LoweFlow Lavatary,
Druab-Flush Water Closet{Low-Flush) 4@ Kitchen Sink L
mposting Toilet .0 LE
rrventional Urinad .0 4.5
e fov Liring! 13 ;'LEN
an-WaterUrinal R ;

LEEE fiar New Lonstriction Version 2.2
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Where on-site collected graywarer or rain-
water is used for sewage conveyance, the
project team should enrer the estmaced
quantity in the caboularion. The ol an-
nual graywater guanticy is subtracted from
the total annual design case warer usage.

Baseline Case

The baseline case annual water use is
determined by duplicating che Design

Table 43 Sample Design Tase Water Use Caloulation

Case rable and then serting the fxrure
fush rates and fow rargs w the EPAct
default values (as app sed te actual fn-
sralled valey fn t'h,e-i}ezsigi;?z Case). Table
§ provides-an example design case water
nse caleulation, based on the Design Case
presented in Table 4.

Eligible Fixtures

This credit is Beaired 1o savings generated.

Litrs Lowe-Flow Water Closet {ffala) 0 0.8 i 150 ]
Ulkra Low-Flow Water Closet {Femalel 3 0.8 1 150 360 |
Commposting Toilet (Mals) 1 0.6 1 150 0
Composting Tollet {Fernale) o 0.0 1 150 o !
Waterless Urinal {Male) 2 0.0 1 150 0
Waterless Urinal {Famale) It o8 1 150 o

Corweritional bavatory E 25 12 300 450
Kitchen Sink i 25 12 300 150
Shower 0.4 2.5 300 300 375
Total Daily Volurme {gaf] 1335

Apeiiea Work Days 260 |

Annuzl Volume [gal] 347,160 |

Rainwater or Graywater Volume [gall {36,000} |
TOTAL AMNUAL VOLBME [gal] BELL00

Table 5y Bpsaline Caxe

Conventional Water Closer ith’a.'a.ie}.
IConveritional Water Closet (Femaie)

Convantional Urinal (Male)
[Conventional Urinal {Fernale)

1
H

o on ool

Conventional Lavatory Z 2 gg_gﬁ
Kitchen Sink 125 15 300 188
Shower 0.4 25 300 30g i
Total Daity Volume Tgatl] 2,386
_ AnnualWorkDays 260 |
TOTAL ANNUAL VOLUME [gal] 620360

LES: Gressiyy Buiiding Councl
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By water Ez&é@n e ity

rulared by the En-

E’ﬂs;ﬁk ties, kitchen
: v franeaing,
;’mimf- sivles,. water z;f a@,.\ am:i sarinals.
Project teams ard icburiged w apply lor
Inpwovation in Diesipn crpdits for water use
reduetion i non-BEPAc regrdated and pro-
cess water consumning Hatores, Exungples
of non-regulated and process warer use
inclue bur are not Hindeed to dishwashers,
clotlies washers and cooling rowers,

Exemplary Performance.

In @déizion w earning WE Credis 3,1
and 3.2 ;}m;u‘:{ eatny that achieve a pro-
jeered warer savings of 40% are eligible fon
an exernplary performance (I credic

Project teams niay also achieve an D

credit for demonstrating potable warer vse

reduction in process and non-regulated
water consurning hxtures, The caleulation
methodology for démonstrating process
aid noneregulated water savings is sii-
Jar to the calenlation oudined above fo
regulated water wse, Project veams defing
reasonable usage asstumprions end salo-
fate design and baseline water cotsupip-
tion based on kigh efficiency and stanidard
water use fixvures, Procesd and non-mgu-
lated warer use savings i then cormpared
w0y regudated water use. I dhe process and
non-tegrated water use savings ivan i__tg}:t
10% of the towd desig regulated wiiter
wse, the proje -
movirtion n Deédgn poln

§%§§3§‘m§§&§ ﬁ@mmaﬁtmﬁm

sirg thie ¥2.2 Submie-

Lf‘ﬁdli et ume
il ’Imiigzmm <

O The deojects eaicidaiett oceupanmds).
The templare will se s defidt one-
s Projects

-0 IEn T woinel ol

- uging urinals §s prarginalhy

with special oo i ancy sinations thar
- vaticy fmay enver

result inan prbalinic
praject sg‘;ﬁf*giir data for thiseredit.

0 The projects Gulcalued degigh case
water wsape {Hesh and fow fixtares.)
This duta b5 caloulated using projece
specified fxare syoes and dhe projects
mix of aecupaits. [ote: project teams
must provide the followisg fixrure
information for cagh rypical Installed
fush fixoure type: Bynire manufactue
er, fixture model, Aush mte in gallons
per thush (gpt) or Bow rare in gallons
per minute (gpm).

L3 The project’s cateulated baseline water
usage {(Hish sod How Brisres) This
data is caleulated ysing wypical fxrure
ypeEs {gmséﬁié in the remplate} and
the project’s mix of occupants.

U For projects using nog-potable wa-
per for sewagt CORVEYERCE; pmwaﬁf
the tworal nos- pa}mi' ST S
{gal) available foi seivage conveyance
PUEpOSCS, _ _

Wb Martative describing the powble water
recluction suisegiis endloyed by the
project. For projectsifing ion-potable
water, include specific informarion
regarding sny reclaimed water usage
{«’?wm ster ro-nsef painwaten reuse/on-
site treated wastewsrér),

Considerations
Level Iouires

Warersconserving fures thae use less wa-
ter than sequisements i the Enedgy Policy
f’i_erf’ of 2‘3‘3‘ 2 mayhave higher smzz@i onets,

agisp el thei .s;.miigfcﬁ
ciire of W
pHpment can

cimr hngncial

el for {%r‘; livery by
availability, Mowever i
ter-efficient Sxomes and
resalt in ﬁigniﬁuiméz i}fmg
and envimimenali

o~

cost vs] Bon-water-
Iigher than
conventional uingds andaddtoned tuio-

Foe fwamgxi{: #

Cregit 3
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ing of malnwemance personnel is required
terensure that O& M staff understands the
specific cleaning and maintenunce proce-

dures. Minor eonseraction savings may be
reakized by climinating the-urinel supply
p;pmg Significant longeerm operational
savings can aotus as & reselr’ of reduced
sewage generation and elimination of
potable warer use.

Environmental Issues

The reduction of pomble warer use in
butldings for wilets, showerheads and
frucets reduces the toral amount with-
dravens from tivers, soroaias, underground

aquifers and other water bodies, Ansther
hencfit of potable waser cotwervation is

reduced energy use and chemical inputs
at municipal water treatment works.

Water use reductions, in agpregate, allow
municipalities to reduce ordefér the capi-
eal investment needed for water supply
and wastewater rreatenesit infrastrucrure.
These strategies protect the narwil warer
eycle and save water resousces for fature
gERerEtions.

Economic lssues

Reducrions in water consumption mini-
mize overall bullding operating coss.
Beductions can oles lead o more stable
municipal wxes and wdter races. By
handling reduced warer volumes, warer
weavment facilities can delay espansion
and maintaio sable water prices.
Accelerated rewofits of high-efficiency
plumbing fixtgres through incentve
programs has become a costetlective way
for some municpalities to defer, reduce or
avoid capisal costs of pieeded water supply
and wastewater facilides.

Regional Issues

Local weather cofiditions should be fac-
rored into determining the feasibility of
rainwater harvesting syscems for ase in
reduction of powable water for flushing.
Local building and health codes/ordi-
Rances vary with tregurds to atlowance

of graywater or harvested rainwarer for
use in sewage conveyunce. Additionaly,
codes differ in how ahernative plumbing
Ferures, such as dual-fhash warer closes,
composting tollety and: nop-warer wsing
urinals are handled. ke s aritical to-confinm
acceprability of non-taditional spproach-
eswith codeofieials g}rim" to-CofITLTMent
1o specific warer saving, strategies,

Supply water quality o graywates and
recycled water systams § madd also be cotr-
sidered in fixcure selection. Project teams
shorald identify if minbmum supply water
quality standards have been. established
for specific Axuares b}z manufacturers.
When maycit;d gmyw&mr ar collecred
ainvarer is used with plumbing’ Furutes
designed for use with municipally. sup-

hexd posable water, itis good practice 1o
vm'i fy char supply waser qualiny is accepe-
able and will niot compromise long-term
fixture performance.

Kesources

Web Sites

Please see the USGBOC Web site ay
wwwsisebe.orgdresourens for more spe-
eific resowrces ofr materials sources and
other vechnical informarion.

Arserican: Ratnwater Catchment Sys-
terns Association

WAL AT AR OTE

Includes 1 compilation of publicadons,
such as the Texas Guide o Ralowacer
Harvesting,

Choosing a Toilet

www.tatunton.cony finehomebuilding/
rrages/ 0042 men

An ardcle in Fige Homebuilding thar in-
chades several varieties of water ethoient
tolets,

Composting Toilet Teviews.

wevews buildineereen, wmﬁ foatnres el
waste; humd

(802) 257-7360




An Envirosmentel Huilding News sreicle
an cammercial composting woilers.
Mational Climade Data Cenger

sy el noda.govi oo/ cimare sase.

bl

Useful site for researching local clinnare

dara, such as rainfll dam for satbwarer

harvesting calewlations. Tnchudes links o

state chigvare offices.

Rocky Mountain Institute

vl orglsitepages/pid 15 phy

This portion of RMUDs Web site is devered

o-weater conservation and effiviencey. The

stte congains information on comsmercial,

incuserial and inevitatioea) warer uge,
watershed management, and ardeles on

policy and zmpﬁa‘ﬂm’mﬁ;aaz,
Smart Coopinaaities Network

beress/ eww smartcommupnities. foat,

gl

This UL, Depattment of Lmrgy profect
provides informution abowr water of-
ficiency and national and regional water
sfficiency assistarice programs, atd Hnky
o addivional resonrees.

Terry Love's Consumer Toilet Reports
www.terrviove com/ortoilet.hom

This Web site offers a plumber’s perspec-
tive on many of the major toilets uséd in
corpnercial and residencial applicasions,

Water Closet Performance Testing

W, e B
recvelinultotlor fese TEPOTE

comlconservigr, 8

This site provitdes swa repor
clen vest pesules for fhash pc,,
reliability for & varey of di

RIS ‘ai-f
i:am%me& _

; daritialon warer effe
clemey trom & nitebehof different North
Carollaa governen Jopartméne

Water Measupement Masual: A Water
Besovrces Techpical Publication

el bvdraulics dalymabe!

prblicarion is 2 guide o effect
measulenient practiees foir bewrer water
IR ECINENL.

Water Use Bfficiency Progedin

Tehicy

Wi epa gov/ewinliwaese
This Webs site provides i sverview of the
VLS. BP A Water Use Biidiency Progeam
and informgrion abour mmﬁ watér more
effictently,

Water Wiser: The Warer Ifficiescy
Cleasinghouse

wwwawwaorgfwaterpdier

(800} 926-7357

This Web dlearinghouse provides aricles,
veference materials antd papers an all
farms of water ethciency

Definitions

Blackwater doss nov have d single defini-
tion thar s accepred nationwide, Waste-
water from sofletsand drinals s, however,
1 blackiwarer,
Wastewater from kitchen sinks {perhaps
differentiated by the use pf a gashage
disposall, showers, or buthitubs may be
considered blackwater by ante or local
cades, Project reing sk

die blackwarer defni
by the auchority h
their areas '

abways considerec

Aty b ‘zqéw:z@n in

Composting Toller Systerns are dry
pluinbing fire Tt contal

cresr Huran waits vis mamﬁ?ﬁaﬁagimi
progesses. '

Agrtomatic g:* Tuture fwmﬁm gre Froion
setisors that autgiiaricnlly i onfoff
lavarories, sinks; water closers and urinals,
Sensors may be bard wired oy batwery
operateed.

Credit3
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Graywater (also spelled greywater,
gray water) is defined by the Uniform
Plumbing Code (UPC) ik its Appendix
G, tithed “Gray water Systems for Single-
Family Drwellings 7 as “unsreated house-
hold wastewater which has not come
ivees contace with toiles waste, Geay water
includes wsed water froin bathoubs, shove
ers, DBarheoorn wash basing, and warer
from clothes-washer and laundry rirbs, Tt
shall not include wastewarer from kitchen
sinrles ar dishwashers, ©

The Intersasional Plumbling Code (IPC)
defines graywater in its Appendix C,
sitled “Gray Warer Recycling Sysverms "as
“wasrewater discharged from lavatories,
batheubs, showers, clothes washers, and
lanndry sinks.”

Seme states and local authorities allow
kirchen sink wastewarer to be included
in graywater, Onhier differences with the
UPC and IPC definivions can probably
be found in stare and local codes, Project
ceams should comply with the graywaser
definitions as established by the suthority
having jusisdicion in their areas.
Metering Controls are generally manual
onfautomaric off conmols which are veed
eo limit the fow time of warer. These cypes
of controls are most commonly installed
on lavatory fancets and o showers,
Potable Water is water thay iv sulrabis
for deinking and is supplied frim wells
or municipal water systems.
Process Water is warer used forindustrial
processes and building systems such as
cooling wwers, beilers and chillers.

A Non-Water-Using Urinal is 2 urinal
that uses no warer, bue inswead replaces
the warer Hush with a specially designed
rrap that containg a layer of buoyant
liquid that Hoats above the urine layer,
blocking sewer gas and uriie odors from
the raom. ‘




e

Endnotes

' Bilderback, T'E., and M.A&. Powell. Efficient ledgarion, Neordh Carolina Cooperative
Extension Service, Publication Namber AG-508-6, March 1996, 21 Janary 2005,
wwwbae scstede/ proprmsfeaension/publicafwawin/ag 08 G Lt

* Unired States Environmentd Protection Agency, Office of Warer, Water-Effi-
clent Landscaping, EPA E?’u:iﬂi;_:a:icm. FAE-EA2-002, Seprember 2002, 21 Januaty
2005, hrpdfwwwepaeov] OW-OWNL hemifwater-efficienow/dodsiwater-elfiicient
landscaping S08.pdf

* Connellan, Goefl, Efficient brigation: A Reference Manual for Tutf and Landscape.
University of Melbourne. 2002, 21 January 2005,
wwwsewlconmaw/sewllurleadidocumens WarterConManual pedF
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Buildings cotisume approximately 37%
of the enetyy and 68% of the eleciricity
produced m the United Stares anou-
ally, according w the ULS, Departnient
of Energy. Hlecwicity generated from
fossil fuels—oil and coal-—impact the
envirofiment in a myriad of adverse
ways, beginning with their exeraction,
rrangportation, refining and distribution.
Coal mining disrupts habivaes and ¢an
{Eﬁwsmm i-;zﬁdmz?m, ;ﬁmé&éc mine s:%r'a\i,'n.-

n i}iilmm wﬁ gl iflons of aindgﬁf stored
ponds. Mining isa dangerbus occipaticon
in which acoidents and the longheirm
effects of breathing coul dust resude in
shortened fife spans of coal miners,

Conventional fossil-base
electricity releases carbon dioside; which
compributes to global dimare change
Coal-fired elfectric urlitles emit almost
one-third of the country’s anchropogenic
nitrogen oxide, the key element in smog,
and two-thinds the sulhur dioxide, a 5::.@3;?
element in actd rain. They also it more
fing parsiculare material than any ether
activity in the United Stares. Because the
hurmas body is incapable of dearing these
fine particles from the fungs, they ane
contributing factors in wns of thousands
of cancer and. respivatory dlnessrélated
deaths ahivally

WNatural gas, nuclear fssion and hydro-
eleetric genesators all have athvesse envi-
ronmental impaces as well, Navyal gas
i # major souree of altzoson exide and
srecnhouse gis ﬁzrmi sstpizs, Nuglear power
Ingrenses ii}; for catastrophic
;gmémﬁ‘ é{%"ﬁ;ﬁ' 7i i ficndn waste trans-
Lissiies, Hydroelee-
copntiieal watey

§ peneratlon of

Greens buildings address chese issues
in two prinsary wayst by reducing the
amotnt of energy required, and by using
more benign forms. The beteer the energy
performance of a projece, the lower the
operations costs, As world competition
for the available supply of fuels heigh
the rate of rerurn on enetgy-efficiency
messures improves. Blecirical genera-
ton using sources ather than &}sﬁii faels
reduces u‘mmnmmz&l sibaets,

Energy & Atmdsphere Credit
Characteiistics

Table § shows which émﬁif & wede gub-
stanitially revised for LELD for New
Construction Version 7.2, which credics
are eligible ro be submiireed ierehie Design
Phase Submiteal, snd which profect team
mesnbers are likely to carry declsion-rmal-
ing respansibilicy for each credin. The
decision-making respéns - mratiix is
not intended o edchide any party, recher
e emphasize thase crading thar are most
likely eo require strotyy pardiclpation by a
particular wars mesmber.

Chvervieow of LEELY
Frereguisites pad
Crmdits

£4 Preveguisite 1
Fundarments]
Cotmissioning of the
Suifding Enevgy Systerns

EA Pravequisite 2
Mirbronnm Energy

o Performance

EA Prevogulsie 3
Fundarnental Refrigerant
Management

EA Cradit

Optimize Energy
Ferformance

EACrodit 2

snhite Renmwable
Energy

B8 Credit 2

Enhanced Commissioning
B Cradit 4

Evihanced Refrigerant
Mansgement

BB Dredit %
Measwrernent &
Veitfication

A trmdit 6

Corert Power

LEED for Mew Copstruction Yersion 2.3

ABL
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Tabbe ¥: & Credit Characteristios

Credit

» 1Significant Change from Yersion 2.1

Design Submittal

« Wonstrction Submittal

= | Owner Declsion-Making

+ resipn Teans Deciston-Making

EApi: Fundatmental Commissianing of the Building
Erergy Systems.

= | Cantractor Decision-Making

Eapi: Mintmum Energy Performance

¥

EApS: Furidamentsl Refrigerant Management

Efol: Optimize Energy Performance

Ede2: Cn-5ite Renewable Erargy

EAcd: Enhanced Commissioning

- | EAcd: Enhanced Riefrég%raﬂt Managefmeﬁf

BB Mensurémiant & Verification

|EAw: Green Power
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Summary of Referencad
Standard

There 1s mo standard reforenced for chis
Prereguisite.

Approach and
implementation

-

Relationship Between Fundamental
and Enhanced Commissioning

LEED for Mew Construction addresses
building commissioning i two places,
EA Prevequisice 1 and EA Crdic 3. For,
any glven LEED projecs, the scope of
services for dhe Cxd and project team
should be based on the Owner’s Proj-
ect Requitements (OPR). To mest the
requirements of this prerequisite, the
cormmissioning process d@otivities siust,
ata mindmum, address the commissicned
systems noted in the prerequisite. Other
systams, including the building envelope,

Srorgywaler lll".&iiﬂﬁg@iﬂ{;?ﬂi’ ﬁ}iﬂﬁ‘@‘ﬁﬁi_@ Warery

eris, information techoeil-
vubserbeinduded in
oo At the awners

FCLLITENT

[s]20% S}:’iﬁ}‘i{‘f}?ﬁ RO 14 51
b g sl
disgietiom,

Table ¥ ouddices the bl prie
marily responsibleto vy gatd proise
requuirernest; arnd also which reguiements
are comimon e EA Propgiaisite L and BA
Credic 3. All individuals o the project
tearn are encotraged o parcipate io. the
doning activities as part of a larger
COAMIITTIERIONE 52@ [Eaes ke

Stratogies

The commissioning process is4 plinned,
systeratic quality-cotitrol. progess that
involves the owner, users, ocoupants,
aperations and maintenaioe stafl, design
professionals and comesactors. It is most ef-
lective when begun av project inception.

An explanation of the steps satisfying this
prefrequisice is summarized in the follow-
E1g sections,

Yable 1: Primary Responsibiliffes Chart 16 BASrersqlisite T and BA Crodit 3

frfo the consiraciion documents

Project Team pr Cxb,

Condict comimistioning desigrreview . WA

rfrerensty

Develop and implement soonvnissioning | Project Team or CxA [ Project Teimicr Od

of commissioned systems

plan .

: : A TE
to systems b ? ¥ _ : i
Verify the Instaliation and performante | CxA Coh

mianual forthe HfA

Brevelopr a systems

. Project Yeam and (A

he requirements for imining | N/A

&4

Fearm g Txd .

Lomple

Z Summany
report e

COrTHMISSiGAing CHA

Feview bullding operation within 10 WA

. Prerequisite 1

e LEEEHor Mew! Cohstructioh Vetsion 2.2

185
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1. Designate an individual as the
Commissionisg Authority (CxA) to
tead, review and oversee the comple-
don of the commissioning process
activities,

It is recommend for dhe project to
desigrate an individual as the CeA as
early as possible in the project tme-
fine, ideally during pre-design. The
quakified individual designated as the
UxA serves as at ebjective advocate
for the owner, and is responsible for
1} directing the commissioning ream
windd process in the completdon of the
copmnissioning requirements 2} coor-
divating, overseetng; and/or perform-
ing the commissioning wstiag and 3)
reviewing the resules of dhe systems
performance verificarion.

Faor LEED for Mew Conswuoction
projects a quatified CxA should have
expericnea with two other projects
of similar managerial and rechnical
complexity, The owner may want
to develop addidenal experience or
aualifications requirements in selece
ing the CxA, depending on the scope
ard narure of the mmmiac&i{}ning,
There are a number of Ced certifica
ton programs sdminisiered by various
industry groups.

Yo projects larger than 50,000 sa.fe.
the individual sesving as. the Cah

on 2 LEED for New Conetriuction

project shall be independent of the
project’s design and construction
veams, The CxA may be a quali-
Red staff member of die Ovwner, an
Orwemer's consultant to the project, or
an employee of one of the frms pro-
vidiog design and/or constiction
mianagement services. The Cxd shall
‘mot, however, have responsibilicy
for design (e.g,, engineer-of-record)
ar for construction. The CsA shall
repore results, findings and recom-
mendations direcedy o the Gwner.

Bor prajects smallerdhian 50,0005k,
the Ca mray be wqualified scaff mem-
ber of the Orener, an Owiner’s consul-
tant 1o the project, or an individual on’
the design or constmuection, and may
have additional project responsibilities
bevond leading the commissioning
SETTFICES.

2. The Owner shall document the
Orwner’s Project Bequirements
(OPR}. The design team shall de-
velop the Basis of Diesipn (BOD).
The CxA shall review these docu-
ments for clatity and completeness.
The Cwner and design team shall
be responsible for updates to their
respective documents.

Clear and concise documentation of
the Owner's Project Requirerenes
arud the Basis &;F'Ef}e:sign 5 o valuable
part of amy suceessful projéct delivery
and commissioning process. These
documents are utilized throughout
the Cormissiontig, Process to provide
an informed baseline and focus for
validating systems’ energy and envi-
rofimental performance.

Owner's Project Requirements
{OPR}) '

The OPR shall be campleted by the Owip-
er, Conimissioning Agent, and Project
Team priar to the approval of contracror
submittals of any commissdoned equip-
nrent or systems, Subsequentupdates w
the OPR during the design and coristruc-
tien, process are the primary responsibilicy
of the Owner.

The OPR should detail the fanicriona
requirements of aproject and the expecta-
tions of the building’s use and: operation
ag it refates to the sysrems to be commis-
siofied, I i recommended that the OPR
address the following issues, as applicable
to the project:

b Qumer and User Regutrements—Die-
scribe the prissary purpose, progrin,




antl use of the proposed projece (e.g.,

othee bndlding with data center) snd
ahy pertinent piofect history, Pro-
vide any oversrching, goals relative
to program needs, fuiure eprasion,
Aexibilivy, qualicy of matersgls, and
congeection and operational costs,

W Environmental and Sustainability
Gasle—1Describe any specific eavi-
ronmental or sustainabilicy goals (e.g..
EERDY peptificarion ).

S Energy Sifficiency Gosl—Drescribeaver-
all projecr energy efficiency goals rela-
tive to local enerpy code or ASHRAE
Standard or LEEL. Deseribe any goals

or regiiremenits for building siting,

landscaping, fagade, fenestration,
envelope and roof features that will
IPACT ENErgy s,

S Indoor Environmental Quality Require-
ments—Hs applicable and appropriave,
for each programfusage ares deseribe
the intended use; anticipared occupan-
cv schedules; space environmental re-
quirernents {icluding lighting, space
temperature, huinidity, acoustical,
air quality, vesriladen and Aliration
criterial; desived user ability to adiust

contiolis diesive for specific

types ol liglalig and sccormmodadons

For after-hours use

WX Bguipment and Sysem Expectarions—
As applicable and appropriate, desaribe

the desired level of qualivy; reliabilivy,
vype, automation, Hexibillty, and main-
tenance requitements for each of the
SYREETS B Ewe ey el 1%:,& Wi&w
knowae, pre eff
gets, degiged

ity GCcipany ) Yer iihm zazw;&d am% EEe
i'},k.. butlding sviems,

Basgis of Design

sk CSYSteHS
: wm;_;‘fzmr o approval
sevorsEbmirials of any commis-
sioned eqréprientor syhiems Subseguent
updares o this documeny during the
design and constriuction provess are the
responsibility of the désizn wam. The
Commissioning Agedit shall review the
BOEY to ensure éhat it reflects. thie OPR.

The BOD shall provide & narrazive de-
scribing the design of dhe systems to be
commissioned and ourlining any design
msumptmm sé%m-"& ate hot prherwise in-
cliled in the desipn gf%; vegents. The
BOTFshould {:&ﬁ Tt , gubge-

quens design sib mission with ipcreasing

specificity as applicalile,

The BOLDY shall, ar 4 siinimigem, induds

the following as applicable: -

O Primary Design Assumpeiisinclud-
ity space use, redundangy iversity,
climaric design. conditons, spaceron-
ing, sccupancy, operations and space
environmental i.‘ﬁf@?i‘ii‘@iﬁﬁ 5

G Seandards-including applicable
codes, guidelines, regulations, und
wehiey referenaes tharwiil be fellowed

pvriwm&mw c "'cw/z fr ¢ “H"\fﬁﬁ:&é{
systerns, lighting s GUwALer sys-
rerng, on-alie gjﬁmwﬁ? St and orher
systiing that ave to bt somimissioned

3, Bevelop and incorporate com-
missioming requirérsents into the
cOmEtr e &ﬁammem%
Typlcally che propecr é;ﬁw shoations are
usied eo informy the contracior(s) of
thieir m@ynnséiﬁ% es fn thie commis-
soping 1 ¥ cificatinng
fray e
b Tebde 2
Ohen, all commissioning requirements
ave ontfiped i otwe secrion of the

eneral condidons oF the consrustion

xE

ihe ?Tz‘e mm ponents Hsted

[l
i’:‘>
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Table 2 Commissioning Requirements in Construction Documents

sE £
Gl

Cammissioning team nvelvement
Corfrattors responsibilifies

Bubmittals and submittal review procedures for Cx ;}Irm:es;spfsyitems-
" Operations and mizintenarive documentation, system manuals

Meetings:

- Construction verification procedures
Start-ug plan development and implementation .

Funconal perfovmance tésting
&cceptance and closeout
Tralnirg

Warranly revide 5ite visit

specifications. Flacing all eommission-
I TEQUILEMEnTs i ene location purs
responsibility for eommissioning work
with the prime contractorn, whe can
then appropriavedyassign tesponsibilivy
o sub-contractors. fr i also valudble vo
reference comnissfoniiig requirements
ofi the dyawings, inany bid forms, dnd
i specification seceions velated to the
systems to be commizdoned.
Develop and implement a Commis-
sioning Plan.

Unique o a particular project, the
Cominissioning Plap is the refer-
ence docunient thay identifies the
strategies, aspects and responsibilivies
within the commissioning procéss
for each phase of a project, For all
of the project teara merabers. This
docurnent ontlines the overallprogess,
schedule, organization: responsibili-
ties and doonmentation requirements
of the commissioning process.

The Commissioning Plan js devel-
oped at the stare of the comimission-

ing process, preferably during desion

development, The Commissioning

Plan is updared during the doursé of
a project e reflect changes in plan-
ning, schedule, or ather supplemental
information added as warranted.
The following outlines cecommended
cmmpﬁ.ﬁzﬁnm of the Commissioning
Plan: ‘

may need e exy
sioning Plan to inchude the following

£

Costimissibising Program Overview
2 Goals and ohiectves

B (General profect information

® Systems o be e‘:ommﬁs'simnﬁd
o i:k}ﬂ'xmissﬁenirlg:{%aﬁl

8 Team mefnbars roles and o
sponsibsilities

B Communicavien protecol,
coordination, meetings and
A geEnt

0 Description of Cdmmissioning
Process Activities

# Documenting the Owner’s
Project Requiremens

% Prepacing dhe Bagis bf Design

#  Developing systems funcrional
test pmmﬁiufe&'

¥ Verifying systemis pérformuhee

® Reporting deficiencies and the
resolution proctss

# Accopring the bailding systems

Trojecy reais

- pursuing ik

rhancéd
comptiissioning ¢ie ' )

et 3)
e the ‘Compis-

cormmissioning procesy activities
I Documenting the commisionig
review procdss

U Reviewing contraétor submiittals

& Developing the systems manual




G Verilyirggahe il ng ol operations
pevsomnel

[ Hewis AWihE E“?zmiﬁ

rerating afeer
Bnafaceeponce”

5, Verify the installafion wad pes-
formance of the sygtema t be
mmmﬁ%u}ne&

The purpose oi‘ commissiantng i
verify dhie pegtormance of commissioned
systemns 28 installed re mieer the VR,
BOD, and contract docuines.

Verification of the mssallation and.

performance of comadssioned sysems

eppically includes the followlng sreps

for cach commissioning systons

U Instaltagion Taspection

i Systems Performande Testing

G Bwaloation of Resubis Comparid to
CPR/BOD

Trseatlation Tispections— soreiimes

reforred to s pre-Punceonsl spes-

tiows) are a systematic ser of proge-

dures invended w identi® whether

individual components of the spsems

o be commissioned have been in-

stalled properly. Ofien this process

oseclirsat start-up of ndmadamiﬁ spdteof

equipment and may wse “pre-Fandidon
cherklists” or “sare-up and checkevur
forrs” 1o insure comdstency i the
inspections and to d{}a:u ~
cess. Instailicion :

performed by 1%“:{* L:{A rhz: isiaing

sk outlirted in slic

v Instatlagion
crrimekd aues
SO & s:zfamzm-i

cormpenonits ake 531&&35@@, energized,

aron, ot by athcrs, «;mmm%'

- reported o ohi

&

mhu and wthenwise
1ok ‘3’ arranid §i§}l

H

fmﬁg* Foroperati

%«:ﬁ&iﬁ- conditione

iiipi‘ﬁfﬁﬂ'i‘.
typially

5}93&2@'1@33 p@-zfi@férﬁm
relies o6 tescing
by the CxA e e systemn
to be rested. Systen ) ferimnice test-
g may use a wide variety of means
and methods o simeiatg and evaliace
chir the system beligy, 1 ted performs
as expected {het the O ?R BOYES, and
contract docupentsy i all modes
of operation. Sysivis. paftormance
westing may be perfoimed by some
comnbination of the CyAy the insatl
ing copracion, aid athiers, depending
un the procedares vuthined in the
commissioning specificitions and the
Conumissioning Plan.Systems per-
formance t«fsziﬁgf‘% 5 3:&«:%&5.: miner o
mz:z;;%imms fsynes Wiy :

a?mamm béetwedn me mﬁ;.i\m ihe proj-
€T teanmt aﬁi&if@m o bver thiese

0 Cﬁ 3WBQYL- at ﬁ‘hi i the
processof Installagie

% stons | @rﬁé s

meet ﬁ“iﬁ criteriz F e
forth by the overer. in
thie desipness i
crepancies of de

should work coll:

iﬁ{:mixiefsﬁ 4 stimsmary wm;zmsmn»
mg r@pﬂm '

spections and pefforhiinee mﬂfia&umz

it :i _
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frems, the results are whbulated and
assembled into a summary commis-
stoning report. The sammary report
should inchude confirmartion from the
CxA ndicating whether individual
systems meet the requiremsients of the
OPR, BOD, and Comrace Docu-
menes. The sesumary commissioning
report should inchde the following:
O Executive sutnemary of the process
apd the resulys of che comemis-
sioning program ——including
observations, conclusions and any
ouseancing irems
T A hiswry of any system deficien-
cies identified and-how dhey were
resolved— including any out-
seanding issues or séasongh testing
schedaled for 2 baver dae

Q Syssems performance. wse results
and evaluation (Any othersuppore
ing information can be-complied as
& €y record but is not regaieed in
the summary report.)

In addition, for prijeers pursaing EA

Cradir 3, the commiissioning report

should include die lollowing:

A summary of die design rview
Process

L Asummary of the subrivad review
process

0 A summary of the Q&M doou-
menstion and waining precess

Caleulations
There wee o calenlations associated with

this prerequisite.

Exempiary Performance

There is no exemplary perforarnce point

avatlable for this prevequisite.

Submittal Decumentation
This prerecuisite is subimitied as parcof
the Constructon Subsivetal.

The following project data.and caleula-
tion information is required o document
prerequisite compliance using the v2.2
Subsmiceal Tesnplares:

O Provide the name and compiny infor-
reation for the Cxd.

O Confirm that the Greguired rasks have
been compleved.

w1 Provide a narvative description of the
syswims that werscommissioned and die
resultsof the commissioning process.

Considerations

Eronomic issues

Impiemmmefeiﬂn af a c:égl.mmigsiﬂniﬂg
process maintains the focus on guality
control and high performance building
principles fromy projecr inceprion through
operation. Cormrissioning typiedly results
in oprimized mechanical; elecrrical and
arehitecrural systems—madmizingensrgy
efficiency and thereliy mirimizing environ-
mental impaces: A properly designed and
expouted Cominissioning Plan mayreduce
errors and omissions in the design and
installation process, improve coordination,
seduce change erders, and generate sub-
stantial operational cost savings compared
o systems thae are not commissioned.
Sugcessful implementation of the compris-
sioning process aften yieldsimprovements
iny energy cfhdency of 5% w0 10%.

b addition o improvéd energy perdor-
marnce; fmproved occupant well-being
and productivity are potental benehus
when commissioning resolts in building
systems functioning as inrended. Such
benefits include avoiding employse ill-
fess, tenant turnover and vacant office
space, Hability related (o indoor air qualicy
and premature equipment replacement.
Researchers at Lawrence Berkeley Na-
tional Lab completed a micreaipalysisof 83
new conswnction cominissioning projects
in 2004, LBNL, developed a detailed and
uniform methodelogy foi characierizing,




- results.
oady . Foune
CCORER WoRe

éﬁfmzﬁjs"iérz;‘;.. ;
Yor new constrizotion
thine ymedian
F1.00/sn
&:’tmm}; y’;aé(

i gﬁ-%ﬁ% ma:i fat:%mr ?:scmfi w;s% cornission.
tngh. This study further conchides—

“Some view commigsfonits asa beturp and
acicded cost, yer it s onlya bilzometer of the
costaf etvors promulgared by other parties
imvobved. n the ciaﬁgigm onstruciion, ot
aperation of buildings. Comunissioning
apents are fust the ‘messeriensy thiey are
only revealing and idemtifinng the means
1o address pro-agisting prodl e
thar commissiontig is ope of the most
HAS Ex{h i;ﬁ}?ii}vlilg ‘(,n ey
efficiency in cornercial buildings.”

cost-effecrive

Resources

Phease soe che USGRC Wb sire 21 worw,
usghe.orglresources for more spieifl
resources on materials sources snd odher
techiical information.

&

Web Sites

Amierican Svclery of Heating, Refriger-
ation wind Abe-Condidoning Enginesss
(ASHEAE)

worwashrae 0o

(BOO) 5274723

'ﬁa@lﬁing Commissioning Asoctation
{(BaAL

(B77 666-BC

Fromon

m;xugg: Facds
thie ougm prission
% }ﬁ‘-ﬁ}ﬁ‘:s_i ssiom

- aceess sample comm

Californis Commissioning Collabora-
tive (000}

FWRGACK LY
(503) 5954432

) ;.*%.‘_zmﬁgim':-ﬁ _
f,;atzm"ﬁ committed o improving the per-
of buildings and (héir syseemy,
The {.,&Mélw is miade up of povernment,
utitiry and bullding servioes otganizations
and professionals whit- have cotre sogether
to create & viable rparder for bul g com-
missioning in California,

Cx Assigtant Covainidsioning Toel

wevsct-nencomied 200 ers

Thisveeb-based tool ;}f{;vzah, S project-spes
cific building comi dny informarion
to desion teans 4nd s Useds o evalu-
are probable corntn cist, idenily
an appropriate &0 3 %{Z{}pt, and

refated to their cong

Pordand Boergy Covservation Ine.
PECH

WWWLDeLLOrS

PECT develops the f%c‘: ol 45}':%&:9;;z.s;%.is:ﬁ-:é@ﬁéﬁg
sevvives by h&;}m@ bnildinig e ander
stand the value ol comerissionibg, and pro-
ducing provess and technic emation
for commissioning

inclides both private’ & f:mifd?.na{
erners, weech nowide an g types,
PECT manaves the snnoa] Motional (ﬁnw
-d;mw Comsiksioning,

Fedr Foous

ferere o Budl
Brepartment of Eagineesing Profes-
sional Development University of
Wisconaln, Madison

LTI DT
(800} 462+

iprecess fraindng
iy owrers, architenad, e
rance stk
ed paraes Fhe program

wrvs aned o

aench ath
alsovedlorsacoredivarion of commi 5ss0mE

5;}{’(}1(:{?% pmhézn J";{ EERASTAET S,
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Print Media

ASHRAE Guideline 0- 2(}37 The Com-
missioning Process, American Soclery of
Hearing, Refiigerading and Air-Condi-
tioning Eng;;'sgxzm, 2005

wivw.ashie.om
(800) 527-4723

“The purpese of this Guiddine is 1o de-

scribe the Commissioning Process capable
of verifying that ¢ facilicy and its sysrens
mest the Owner's Project Reouirements.
The procedires, methods, and documenta-
tion zaqmmmmfs i this guideline describe
each phase of the project delivery and the
associated Commissioning Processes om
pre-destgn througlt oceupancy and opera-
tlon, without regard 1o specific dements,
asserablies, or spétems, and provide the
following: (2) overview of Commissioning
Process activiries, {b) description of each

phase’s processes, {c) requitements for ae-

cepance of each phase, () z*eqaifﬁmenm
for documentation of each phase; and fm_}
requirements for walhing of opératic
and maintnance personnel, These Cor-
missioning: Process guideline procedures
include the Toral i‘s-uﬁdmg_. Commissioning
Process TTBOP) as debmad by Nagosal
Instituie of Building Sciences (NIBS) inits
Commissioning Process Guideling 0.
ASHRAE Guideline 1-1996; The HVAC
Commissiontng Process, American, Soclery
af H{:aang,, Rafmz,emung atsed Kir-Condi-
tioning Engineers, 1996,

wywwiashrae.otg
(RO 5274727

“The purpose of this guideline is o
deseribe the commissioning process fo
ensure thar heating, ventilading and abr-
condirioning (HVAC) systetns perform
in conformity with desigr inténd, The
g}rmedums, methods and docutnenia-
tiott reuirements i this mxdﬁima cover
each, phiase of the commissioning process
for all types atid sizes of FIVAC systenis,
from pre-design through fral avcepranco
and pose-occupancy, tnchiding changgs.

in building and cccupancy requirements
afrer inftidl oocupancy”

ASHRAE Guideline 41993 Preparatiosy
of Chperations & M e Docamen-
ration for Building Systerms, American
Sociery of Heating, Refrigerating and
Kir-Condigoning Englseers, 1993

wyrw.ashiae. org

(800} 527-4723

“The purpose of this mndzﬁh{:e is to guide

individuals m&pmmsbk fo ".i:he, dmgm

romstruction and comuiissioning of
HYVAC building systes in preparing and
delivering O8M docwmentation.”
Building Commissioning Guide, Office
of Energy Efficlencyand Renewably |
oy Bederal Energy Management Program,
115, Deparement of Energy

WWWLSEIT, EICTEY.E0Y
(800) DIAL-DOE

The Enerey Policy Act of 1992 peguizes
each federal agency to.adepr procedires
necessary to ensure that new federal bufld-
ings megt or exceed. the federal Building
energy standards ﬁstabiisim Fhy the U8,
Department of Buergy (}.}C}It.l}: DO
Federal Energy ! Management Program,
m wg;pcmmm with the General Services
Administation, deseloped the Building
Commissioning Gritde.

Comimissioning for &:mr'}&u;l&mg% i

Oegon, Oregon Office of Energy

hitcpsf/fegovoregon gov/ENERGY/
CONS/RUS/ comn/bldeceshtm}

(503) 3784040

This documense (ahd Web site of thesame
NAME) Conang & cr;z'npmhms;iw inero-
duction to the commissioning process,
including research, financial benefmand
case swcdies,

The Cost-Bffeciiveness of Commercial
Buildings {mmmmmmngy A Meta~
Analysis of Baistivig Buil
Construction in the Eiited: g ates, avail-
abfe at




hreps/ fegrd Mol {?s>*=*fem§ s{PLIBSE
Cou-UmbsBenchs hinmd

PECT Mode! %ﬁi‘édéng; Commissinning
Plap and Guide Specilicadions, Portdand
Energy Coriservation e

W pesiorg
{503} 248-463¢6

Details the commissioning process for
new egquipment during design and con-
struction phases for larger profects. (o
addition ro commissioning gokdeiines, the
docament provides boilerplace §amgu‘a§?m
eprtent, formar and forsss for specify-
ing aod executing commissioning. The
document builds upon the HVAC Com-
missioning Process, ASHRAE Guidelin
11996, with sigmifieant addiviohal derail,
clarificarion and interpresaton.

Comissioning Face Sheets Coalitlon For
High Performance Schools (CHIS)

W, d}_m,,:mt‘i'maﬂueﬁf ivdisc it

These fact sheets explore hiow commission-
ing can help school districrs ensure their
schools are buile as high performance.
The Building Compmissioning Handbook,
Second Bdiion by Jobn & Heing & Rick
Casault, The %i?iiﬁiﬁmj Coommmibssioning
Aﬁ;smwz;{m, 2004

htepsd fwwews bera.orglresourcesfind ex,
shom

“This populachandbook has been revised
by the original authors to incdude the reost
up-tordate Hiformurion on A aspects of
i}mfdmg '«a_mmmmé%m";mgf "I"hié;- v
it Dpoving
Meering
i
v isstoRin g
] : saricy and
mpfg‘n ;:% gooi wm{af o &%zﬁxiﬁﬁﬁ%‘}iﬂg
and retto-copuhisnoning.

£

A

Definitions

Basis of Design (BOD inciudes desie
information nevessiy to accomplish the

i um:,n i {i&m}, md
i m;;{'a; geandards,

mémm Ge§ To ;&g Jigmh
reguiations and g

Commisstoning (Cir) 15 the process of
veritying and documedsiing thae the facil-
iey and all of ies systetny and assemblies
are planned, designed, istalied, resred,
operated, and oaintaned to meet the
Cwaer's Project Requirenients.

Commissioning Plan is 2 document
that outlines the organization. schedule,
altoearion of nesoniress, dnd docynrente-
tion requirements of the dolnmyissioning
PEOCESS. -
Comuissioning Report is the documient
i}mf records the results of the comumis-
outiig process, including die as-buile
Formanee of the H%ﬁéﬁf systeny and
unresolved issises, '

Commpissioning Specification is the
comitaet docurgac thar details dhs com-
raissioning requiversients of the construc-
TAOT CONITaTtors.

The Comumissioning Team includes
those people responsible for working
together w carry out the cormissioning
PrOEss. )

Enstallation Inspection is the process of
iispecting companenis of the conumis-
sioned systems t deterraine i i}"lf:%f are
mistalled properiy and ready for spsioms
performance resting,

Ohwnér’s Proiect Reguivements (OPR)
is . writsen d{}mﬁmm iy dicalls the
funcricoal requiresionts of a projée and
the expeceations of bow it will be ased
and operated.

Systems E’eﬁamaﬁw-’iawmg i ylee
process of deenmining theabilivy of the
comumissioned system (0 pedidrm in ac-
eordance with the ovner's projoer sequire-
wents, basis of desten, and donsiructon
dociments.
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Summary of Referenced
Standard |
ASHRAE/NESNA 90.1-2004: Energy
Standard for Buildings Hicept Low-
Hise Residential

Agrierican Society of Heating, Refrigerat-
ing and Atr-Condidoning Enginesrs

wwiasheae org
{g}i}{}} 52‘}“@7‘2 3

Standard 90.1-2004 vas formulared by
the Arezican Socieey of Heating, Refrig-
erating and Air-Comditioming BEiginesrs,
Tac., (ASHRAE), underan American Na-
vionad Standards Inssliate LANST consen-
sud process. The Hluminating Engineering
Seciety of North America (IESNA) s a
joine sporisor of the standard,

Standard 90,1 eswablishes minimam
requirements for the energy-efficient
disign of bulldings, excopt lowetise resi-
dential buildings. The provisions of chis
standard do not apply to single-family
houses, multi-fanily strmclures of thee

habirable stories or fewer above gride,

mantfactured houses (niobile und modu-
far homes), or buildings dhat-do not use
either electricity or ﬁmsii fuel, Building
envelope rﬁqmr&mmﬁzm are provided f@r
sermi-heared spaces, such as wardhousas,

The stavndard. provides criveria in the
gereral carcgories shown in Table T
Within each section; therg are niandatory
provisions that muost always bis cotfpied
with, as well as additional preseriprive
Eﬁquiij’{fnlﬂﬁi& Sf}mﬁ‘ﬂ‘ﬁ?{.ﬂﬂﬂiﬁ QE&Q Cﬁﬂiﬁiﬂ

a performance alternate. The Energy Cast
Budger option (seatton 117 aliows the user
65 exieed someof the prestriptive require-
ments provided energy cogt savings are
made in other prescribed areas.

The Performance Rating Methsd ap-
tion (Appendix Gy provides o mes:hmi
for demonstrating pgrfmmmcﬂ begond
ASHERAE fiE’%"&m 90512004, Tn ol cases,
the mandatory provisions must stifl be
met. See Dlesign -Serategies below for 2
more detailed summary’ of -

& -m:;mwm

- tenes inchuded o eadk section,

Approach and
Implementation

LEED for New Constraction: addresses
building energy officiency in. twd places,
EA Prerequisioe 2 and FA Credir L EA
Prerequisite 2 seqivites thar the buitding
comply with dye- mmdam“"-pmv.isi-e:ﬁ.&:-:,-
and efther the preseriptive or Energy Cost
Budger Method perfarmance requiire-
ménts of ASHRAENESNA 90.1-2004
{Sect. 90.1-2004). I enesgy simuladions
have been developed 1o doctment potnts
carned for BA Credit 1, these encrgy
siroulations (based o Sed, 90.3-2004

Appendin G may be used rather than

the Energy Cost Budger Method (Sed.
G 12004 Secrion 11 widembnsman
compliance with the prerequisite.

Strategies

Each section of Sud 90.1-2004 describes
the applicabilicy of the provisions fe.g..

Table 1: Scope of Requirsnients Bddvessed by ASHRAE 90.1-2004

Sﬂctmﬂ Sutlifp semivhested snaces stich a8 Warehn&ses)
Section Hem’mg, me‘ﬁizla'tmg and Alr-Cohditionin g {mﬁiucﬁmg parking ga rage,
vertilation, freeze pr@tﬁc&:c}n exhaust-dir energy recoveny; and condenser
heat recovery for senvice water hea‘mg}
Section 7 Service Water Heating {mc!f;dmg svelririing pools)
Section 8 Power (inciuding gl building phwer distiibution sy&tama) :
Sectiond tighting {including Hghting for extt signs, buil «dmg exterior; gmunds anid
parking ghrage).
1Sertion 10 Other Eguipment {including a % permmeﬁﬁy wired {»:ssecirsaaé mo’mrs}




complying with r§n smm% arih

Building Baveloge R&&qmrm&em@ [Sud.
9. 1-2004 Seerion 5 apply to enclosed
spaces heated by & heating system whis&;;
oueput eapacity is equal to or grearet than
3.4 Brufheursquare foor, ot conled by
2 cooling systern whose sensible output
capacity is egual to or greaces than 5
Brulhout-square foor,

Sed. 900.1-2004 Section 5.4 destribes
mmmw ;";mvmos‘zg far insu izf:mza

_@%;é}mf mtmgg _‘.3,4,3 s &
{5.4.3), Sudk. 90.3-2004 pare 5.5 contal
the prescriptive provistons for fencstradon
and epaque assemblics.

Each county n the United States 15 as-
sigmed into one of cighe représentitive
chrmate zones (Sed, 9012004 Table B- 1)
Chmare zone assignments for Canadian
cities can be detenmined from Sid. 90.1-
24 Tabsle B2, and climare zome as-
shgnmens for other imernitonsd ctles
g be determined from Sed, 90,14 U{}f
Table B-3.

Prescriprive building envilope require-
ments are derefmined hased om the
buldding’s climate vone ':::;?;u;-a%fi@’q-réié;s-n
fSed. 96, 52004 Tables 551 o 5.8
Far projects tollowing f;i}.& DEERGE
comphianie method, afl Ssuiféf%mg'm‘ s
lope ce pon ARETES LSt BIET %Ew il

aried
prsprcrs T
reviget b feds

,','E%"sava
- the desi g
cor does nbe ex-
phor dheenrice

reRpiireREE,
eneres oSt for
ceed theadersy cost ?‘:m{?_

S

ORI Ca

§*§wé§mg%’€m%§a€i¢;m and Alr {fksmﬁiiiimw

1@ 3%@2‘@2{?1‘9 e
rrnancee doo-

anrsl iéz ai;&d‘e miﬁimmn sysedrg ethcléncy
recpiinemrents (6.4, 1) load eelonladon re-
qs.;;mmn*s { {7 4 2 5z epieErdhy E‘éjq'ﬁiimiitlﬁﬁm

;md Insutation requirer
compietion requirements xé 4

The minimum systetr component ef
fciency requitements Hared in5ed. 90.1-
2004 Tables 6.8. 1405 shust Beamer even
when using the Laergy Cose Budget or
Performance Raring methads,
Sed. 90.1-2004 Secrion 6 Hsts minimum
control schemes torchermostars {(off-
howrs Inghuding serhach and oprmum
seartfsrop), seitaind elevator venss, our-
door alr supply and exbuose vents, hear
pampaediioy ke, by i '
dehumidification, %m@m :
fee’ melving sysrenis; arkd vt
high oecupancy aress,

Sed. 90.1-2004 Pare 6.5 piy
serfprive complignes opting. |
provisions are inchaded g a.i WHrer
etonomizers (55 Vhsh s fredting
and enoling Bmittions £
design and control '
Hmirsdon and worishie
r'mi' {'lf? “3 ?r}; 1?-}‘{??(‘}115

fer desigry and
o Heswr promping
§§3'§f§;* E?L@{ ; : _-‘?"‘3{"‘*5 gl{:}' ¥ r}}”

CHEIEY ICCOver

%f}f projects St
systerns, such ag
campus or disttics Heating and cooling,

central plusic on a

LEES for Maewe CotwbructionVersldn 2.2
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the exception w section §.1.1.2 applies.
The existing systems and existing equip-
paent are not required 1o comply with
the standard,

Service Water Heating Reguirements
Sed, 9012004 Section 7Y include man-
darory provisions {7.4); and a choice of
prescriptive (7.3) or peiformance based
compliance (11), Mandatory provisions
include requirements for load galculations
{7.4.13; efficiency (7.4.2% piping nsula-
tron (7 4.3Y; conmrols 7.4.4% pm)ﬁ benrers
and pool covers (7.4.5% and heat traps for

starage tanks {7.4.6).

Power Requiremesnts address moandatory

provisions related to veoltage drop (Sed.
G0, 1-2004 Secion B.4.10, :

Lighting Reqairements (Std, 90.1-2004,

Section 9} apply to all Hghting insralled
on the building site éﬂnc?éﬁad-iimg inerior
and exterior lighting, Mandatory provi-
stons include minknunrrequitemens for
control {9.4.1); mindern wiring (9.4.2%
hirsinaire source cfficacy for exie signs
(9.4.3); exterior lighting power defini-
thons (9.4.5); and luminaize souree ef-
ficacy for exrerior lighting fixture (9.4.6).
Per 9.4.1.2, occupancy controld are re-
guired in clissrooms, confersnee ropms
and emploves lunch and break rooms.
[nterior lighting sompliance musr be
doctmented using either the Building
Asea Merbod (9.5} or the Space-by-Space
Method (96).

Lighting powsr caleulations for Perfor-
mance Methods must use the Building
Area Method dr the Space-by-Space
hethod. For both methods; the roal in-
stalled interior lighting poweris ealculated
by sumeming the luminaire wartages forall
permanencly installed general, sk and
furninure lighting, where the laminaire
wattage includes amps,: ballages, curreny
regulators and donteol devices,

Building. Avea Methed. caleulations. carn
ondy be used in cases where the projecy
involves the endre building, or a single

independent oooupancy within a multis
oceupancy buiiding. Allowable hghung
power for this method is calenlated by
multiplying the slfowable lighring power
density for the given building type (found
in Sed. 90.1-2004 Table 9.5.1) by the
interior building ares,

Allowable lighting for the Spaci-by-Space
Method is desermined by summing die
product of the allowable fighting power
densiey for each space fuscrion-ia the
building (found in Sed. 96112004 Table
9.6.1) by the corresponding area fareach
space fancrion, ¥ the toral nstalled inveri-
ar fighting power is lower than the ioterior
lighting power allowance calenlated using
either the Buildiog Area or Spaoeby-dpace
Mathod, the project complies.

The exterlor lighting power allowance is.
caleulated by stmmming the prodgct of
she allowable lighting power allowance
feir each exrerior surface (found in Sed.
90.1-2004 Table 9.4.5) by the toral area
or length associated with thac warface,
and then muldplying this number by
1.05. For non-rradable extésior lighting
susfaces, the allowed hghting power can
only be used for ihe specific applicaton
and cannot be vaded bevween surfaces or
with other exterior lighting

Orehen Et;uiiym.mt gaqui.zgz}}eﬁzs in-
cluding requirenients forefactric morors
are adddressed in Sed, 90.1-2004 Secdion
10, This section enly contans mandatory
provisions {16.4]),

The Energy Cost Budger Mechod is
presented i Stdi 90.1-2004 Secdon 11
and describes dhe process o ser ap and
execute o building simulaton w demon-
strate compliance. This ts the alrernare
to following the prescriptive provisions
of thiy standard. )
The Performance Rating Method is
presented in Sedh 90, 1-2004 Appendix
(i, and is the required method for caim-
ing credit under FA Credit 1o Optimize
Esiergy Performance. If the project is
using the Performance Rating Method ro




.

achieve potnts under EA Credit 1, dhe EA
Credit | documéntation can be used 1o
prove oo ree with the performance

redpirerents (che sedo; g.?:é%,i’..*é} ol this
Pretequisites The Performatice Reting

Wethod does pat, howevery ciemps e
peoject from also mestng the mandatery
ASHRAE/TESNA Standard 90.1-2004
requirerpents fsted for chis preveguisive.

A Credie § includes o more dewmiled
discussion of the Performance Bating
Sethod,

Caleulations

Follow the caleulation and documenca
tion. methodology as prescribed ia $id,
90,1-2004, Record alt calealations on dhe
appropriate forms. These forms (See Table
2) and Furehier mbormmtion regarding dhe
caleulation methodology are available
with the ASHRAB/ESNA Standard
90.1-2004 User's Giide:

Exemplary Performance

These is no exemplary perfosmance poist
available for this prefeguisive.

Submittal Documentation:

reted ay part of

senand. caloula-
T docuinent
uithg the v2.2

The following project;
tion informarion i re
prefequisite compliasee
Submitral Templazes:

et mects the
JRAE Sid. 90.1-

G Confirm that the
regpiivements of AS]
2604,

& F‘F{W%éé an optiondl narrddve regard-

ny special circumstantes or cons

sidderavions tegarding the project’s
prerequisite approgch. -

Hesources

Please see the USGRO Welbs site at wewe,
nsehe. orefresnrces. bor more s-g'af;;*fiﬁc:
resources on materialy st and ovher
wechnical bformarion,

Wiek Sites
Advanced Buildings

weyewnad vapced iudl

5, {}‘{&z

Hosted by a Cagadiap public/private
consortumy, this site provides esplana-

Table 2: Fovres Tor documanting compliine with ARHEAL S5E 90.1-2004

Maﬁé&mry Memus’m A Projectsy
Eﬁa;lmwr :

oyl

ance Dotumentation (Park 1}~ Mandatory Provisions Checklist
: Fart il Mandy :

Socumertation (Part i) - Mand
s :{3 s i "‘?’cﬁd

sy Provisions Check!
topy By
datory Provesons Che

sios Theckiist

;f.%muiimngwém i,vumgz fant
VAL Lompliznce o
rsm;}? f e ﬂsmmarm, ar*d Partiiil foralt,

fiance Drocus AT

j?m*sfn.gy%aw Q&zgmwmw%g i ?f&;ffd s idsing Presoriptive Comipll tarce: éigmmam

soumneniation (Part i)
i Fart Ffor smalt bl dmgs < B 000 s?s;uas%» fmet using the
THF hb z@fﬁt >=

‘ Ernergy CostBudgetComp ﬂm@_?ﬁg}u!@ twhen-credit is vot being sought dricer EA Crisdit 1)
Performance Fs’riﬁg{ Qm@{t;{wﬁwﬁm{i is %3@2?’% Sm‘,&gﬁ" imdw EACreditd)

Performance fé&{;zs irernents - Pfﬁ;%ﬁ:ﬁfs Lising ?ﬂf?m"mm"‘f% Compllance &p;:amaek

ign and including 3l energy

Prevequisite 2

e LEED 5 Mewr Constrimlion Varsion 2.2
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?ferﬁquaéim 2

U5, Gree Bullding Councit
e

rions, costs, and informadon sources
for 90 technologies and praciices char
improve the energy and. resource ef-
ficiency of commercinl and rufd-unit
residential buildings.

American Council for an Energy
Efficient Evonomy

(0723 4798873

AUEERFE is & nonprofit organization dedi-

cated to advancing energy efhiciency as a

preans of promoting be ah COOROMIC PIOS-
perity and envirodmental frotettion.
Buildings Upgrade Manual

EMERGY STAR®

wwiw. eneppystar.gov/indey,
chodesbusiness. bus, upgrade manual
(BARY TRZ-7937

This decument fotn the EPA 15 a guide
for ENERGY STAR Bulldings Parmers
rr usd 1o planning and implementing
profitable energy-efficiency upgrades
in their facilities and can be used as 2

comprehensive famework for an energy

STPATERY.

Wew Buildings Institite, Fnc,
woww newhbutdine. o

{509 4934468

The New Buildings Institute isa nonprot-

ir, public-benchits corpotation dedicated

to making buildings beeer
and the environment. Trs o
promote energy efficienicy in'b :
threugh technology sesearch, guidelines
and mdca‘

Building Energy Codes Program

U.5, Deparoment of Eﬁ:ﬁm’gy '
wwwenergyeodes, gov

(8000 DEAL-DOE _

The Building Energy Codes progtan
provides mmpmhumwc resources for
seares and code usersancluding news,

compliante soltware, code comparisons
and the Srarus of Ste Epergy Codes

databiase, The darabase includes scate
energy contcts, tode stans, code history,
DOE grants: awdrded and construction
dafa. The program is also npdating the
COMCheckEZT compliance tool o
include ANSIASHRAENESNA 'i}‘(} '

2004, This comiphiance tdol fnch
prescriptive path and #:»ezf"f-mmg?k
ance methods, The softwaie geperates

appropriste compliance tormis as well.

Office of Energy Eficiescy and Renew-
able Energy

U8, Department of Edergy
W, COITL ORIy oY

{8007 DIAL-DOE

A comprehensive resource for Depart-
ment of Erergy information on energy ef-
ficiency and renewable energy, tncluding
access to energy links and downloadable
documents.

Primt fedia
ASHRAR 981 User's Kfanual

The 90.1 User's Manual wag developed
as & corapanion Aacirment to the ANSY
ASHRAEMAESNA Standard 90.1-2004
(Energy Standard: for- Buildings Exeept
Lewe-Rise Besidential Bi;zidmgs) Thie
User’s Manual explaing the new standard
and includes samiple caloulations, asehil
reference matetial, and Dforstion, o
the intentand mg}imumm of the standard.
The User's Masial ‘is shindandly il
trated and contilng niarous: éxamples
and tables of seference data, The misnual’
also richudes a somplese sevof coimpliance

forms and workshesrd thavcan E«E, uscd o

docurment compliance with the'sta
The User's Manual is helpfil co ﬁrf:hstems
and. engineers applying the sandard o
the design of buildings; plan. ¢xdaminers’
and field inspectors who maustenforce the
standard. in areas whete iviy adogted as
cades arid contracrots who must construct
buildings in compliance with the standaxrd.

A compact disc containing eleceronicver-

sions of the compliance fornts found in the
User's Manual is included.
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¥z

Sumprary of Re%ewm@d
Standard

These is po standard referenced for this
prereguisite.

Approach and
irplementation

Replace of retofit any CPC-based refiig-
erants in existing base building HIVACER
and fire suppression systems, If the
butlding(s) is conbecred wan existing
chilled warer systerm, tharsysterm st be
CFCefrees or g commitmpeny to phasing
our CRC-based refrigerants, with & fitm
dmeline of five years from subistantial
completion of the projeer, Tayst be in
olace. Prior to phaserout, redizct annual
leakeage of CFC-based refiigerants w 5%
or less using EPA Cleant Alr Ack, Tighe VI,
Rutde 608 procedures governing rebriger-
ant management and reporting.

An alwrsative compliance path for build-
ings connected w a centrad chilled warkr
system reqitizes a thivd pacty (as defined
in the LEED-ER Refererice Guide) sudit
shewiing thar system replacement or con-
version is not economically feasible. The
definition of the required evonomic analy-
sis Ju the replacernent of a chiller(s) will be
censidered g0 be notesonomically feasible
if the simple payback of the replacemerit
i gi'mwa than 10 veats. To determine
the simple payback, divide the cost of
implementing the replacement by the an-
nuat cost avoitdance for energy that results
froam the replacement and any difference
1 thaineerance costy, chuding rake-np
refrigerancs, [FCPC hased seftigerantsare
maitiained i the central system; reduce
annual leakage ro 5% or less using EPA
Clean Alr Aoy, Tidde VI, Rule 608 proce-
dures governing refrigerant manageritent
and seperting, and reduce the votal leakage
over the repuining Hfe of the unit to less
than 309 of its refrigerame charge.

Consider the chavacteristies of variows
CFC substitutes. Refrigeeants have vary-

g pmmmi (s : YV
the Orione Depleting Potetitial {ODP)
and dizem Global Warming Potential
(G of muany common relrigerants,
Refrigerants chosen should have short
environmental lifetimes, small ODP
vilues aad gnall WY vadpes,

Mo “leeal” alivrmative for CECy has been
developed. See the EPAs Lise of Substi-
mizes for Omone-Depledng ‘iubsaanwsf
Cwrwvacpagov/ororel snagp) &

listing of alvernntives o R mf?mgérmis;,
Note that some altcinatives are not s
abde For rerrofite.

Calculations
There are o caloudatons associaed with
tlifs prevequisite.

Exemplary Performance
There is no axomplacy performance point
available-for this prereguisivel

Submittal Documentation

This prevequisite is subpiitted as part of

the Diesign Submival,

The ﬁﬂiﬂwiﬁg pz‘x:;jec:i: data and caleula-

ten informarion is required to document

prerequisite complizhos ushng the v2.2

Subsmiteal Termplates:

@ Confitem thit the project does not use,
CRC refrigerants.

OR

0 Confirm that the project.bas:
aut plan for any exist
equipmeris

T Provide 2 narrative description.of the
phase-our plan, including dates and
refrigerant quantides as.& percentage
of the overall project équipment.




Preréguisite 3

,er -5

Hydrpchioeofluitorhons _ _ N
HCFE- 1780 1 Al condifiohing
HCFC-127 76 | CFC-31replace
Hydrotiuorecarbons :

N

o= i

g

4

g HLFC-22 replacement

R T s A con 4% Umr*g

FG . 3E00 | low
mmm ﬁ&fr;gﬁzm it 3
Carbon Dioxide (C02) , " kY
Aramonia (NH3E o i
Fropane o 4

Considerations

Cost lssues

Renovarions of some existing buildings
will require addic Sts 0 cobs
vert or replace exisving HVACSR and
fire suppression systems curfendy using
CFCs. Replacement rather than con-
version of HVAL systerms may increass
equipment efficienciis and enuble projects
it of the

LIS B P
ariiar I

to Feap erergy savings over e |

building,
Envisonmentasl lssues

Older refrigeration i
refiucracarbone v
CHCs, when fnevd sielegsed: o the
atmesphene, culse stgnificait daunage to
thie proteiive orone Javer i dve anlts
Lpper atigespnore

9
H
e

WY A Fid

o LEC and an
srdrosphicse
bipes the

The fegpting
prone make _
destroys thig oyone and ¢
seravosphietes aliility to absorh a portion

i .pm; ok usedchlo-

&‘Emw o vle §c§ m{i L’EEwﬁ?EE{ s i the

b
smarine food chain,

CHCs fall into a Jurg
depleting subsis
ing the profs
associated witdh o
O Howethe Mon-
preal Protocol onSubstiness that i}f-*p&m
i;f:' ﬁmm, &5}!&5 wms; @}w" Fate Y980, This

o ezone

Lol
w healih risks
e, 160

LR

s,

L-{}mg}] Hnce w'

CEC pmdm:

i prtserve
e oong laver,
b UG, En-

Mimﬁsv '
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4.5, Grasn Bullding Council

134

vironmental Protection Agency (EPA) o
develop and implement, regulations for
the responsible management of azone
depleting substances in the United States.
EPA regulations include programs chat
ended the domestic production of ODSs,
iderified safe andeFectvealernatives o
OIS, and require manuhacturess to label
products either contalning or made with
chiericals that have a significast ezone
depleting potential.

Hanning the use of CFCs in pelr
has stowed the depledien of the orone

layer. Speciheadon of in pu-CEC building,.

equipment s now standard and CFC-
based refrigerants are no- iaﬁg{er gvatiable
1 mew equipiment.

Besuurces

Please see the USGRL WL shre ar www,
usghe.org/resources for more gpecific
tesources on materials sowrces and other
rechnical informartion.

Web Sites
Orone Depletion
U5, Environmenival ?rﬂtﬁmun Agency

wyrwepa. oy orong

Provides informarion aboue the science of

wrone deplevion, the regulatory approach
tor provecting the ozone layer (ndhnding
phase-out schedules) and altemarives o

" ozone-deplering substances.

The Treatment by LE‘.&%IZB ef the Environ-
mental Impace of HVAL Refrigerants
U.5. Green Building Council

www ysghe orgfDigpla v?ag&
aspPOMSPagel =154

This report was pmpm ed under the aus-
pices of the U8, Green Bullding Cemncil's
LEED Technical and Excmmihc Advisory
Commirtee {TSAC), in response @ a
charge given TSAC by the LEED Sreering
Carmmines to review the actnespheric en-
vironmental impaces aiiing from the use
of halocarbenis =s refrigeraints in building

f:f::%;ﬁingg, ventilating, and air conditioning
(FHVAC) equipment.

Print Media _

CFCs, HCFC and. Halons: Professional
and Practical Guidance oo Substances
that Dieplete the Ozone Layer; ASEIRAE,
2000,

The Refrigerant Manual: Managing The
Phase-Out of CECs, BOMA Intcrna-
vonal, 1993,

T o
Definttions
Chlorofloerocarbons (CFCs) are hy-
drocarbous tha deplete the suarospheric
ORI '
Hyd rochlorofluoracarbons (HCFCs)
are refrigerants that cause sigtificantly
Jiess dgpl don of the swravdspheric sone
bayer compared w CFCs,

fayer,

Refrigerants gre the wotlding fuids of re-
frigeration cycles, They absoth hear from
a reservolr at low temiperatures and et
heat ar higher temperatures.
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5, Grees Building Council

i

Thartion 5

Summary of %&f@mm@@
Standard

OPTION lw»&ﬁﬁﬁﬁaﬁf %ESN&
9. 1-2004: Energy Stamia;rd

for Bulldings Except Low-Rise

Residential, and Informative
Appendbc G~ Performance Rating
Method,

Asnerican Society of Heating, Refriger-
ating and Air-Condisioning Engineers

(8OO} 527-4723
Seindard 90.3-2004 was formulated by

thie Aendrican Society ol Hﬂ&mxg, Refrig-

eratingand Air-Conditioning Engineers,
Inc. (ASHRAEY, m}dnr an American Na-
tional Standurds Fasdriee (ANSD consen-
sus process. The Muminating Engineering
Society of North Amedica (FESNAY is a
foint sposisor of the saidard, ASHRAE
9.1 Staridards form the basis for many
of the commercialrequirements in codes
thiar stares consider foradepaon.

Smndard 90.1 esrablishes ntidionun e

qaiﬁmmmm for the energyeefhlencdesion
of buikiingq, except Jow-rise residential
hulidings. The pmv‘isk}im off
do not .«z‘gipiy tor single-fam

mediie ﬁmiiv structuees of thiee 'ﬁl‘ihi’i«
able stories or fower above prade, fano-
factured houses {mni}ii

izcm:m} buzidmg& r%mi: ai_ ;f“':;“ ;

* sermi-heared. f@p&mﬁ’@ md-

stardard”
iy houses,.

Lm‘&fdﬂpf} mqmn

ing dﬁ;%tgﬁ& i. : .
be iicluded a8 gmm of the, minfimuss
requirements to- comply with code; in-
stead, Appendin G s used to “quandfy
performance thae substantially exceeds the
requirernents of Standard 9007 (G1A )

For BA Crediy 1 LEEDY wiliis -e:%ﬁmsimlzy
on the Performance Rating Method ex-
plained in Appendix G, The method
provides performance criteria for the
components listed i Table T,

The Performance Rating Method is
intended o demonstrate performance
beyond ASHRAEAESNA 90.1-2004
dirough an interactive model that alfows
comparison of the total engrey cos for the:
Proposed Design and 2 ﬁsasﬁiﬁm ]i)cﬁ;gm
To accomplish this effid ;
of reserictions on

portant
;zdr:ﬁrm&g,d j2es
vorhit are

»Sm ding Fawvelope {including sei

Settion & Heating Ventilatingand
ventifation, frecze prote

hpat recovery for sery

o wahisr h@aﬁ:mg}

i g
a%;st rzirer;erg}f mwvar}; ant:é mnﬁenaa?

parking garage}

3Sécfi§ﬁ"7 Service Water Heaﬁng {mdmdmg Swimming ;}m;aé ; '
Seé:ti;a vB Power (including all building power distribution, syatems) :
Section o Lighting (including ighting for exit signs, building: ex‘{ermf‘!

Sedction 10

Other Eguipment (ncluding all g}ermmaﬂﬂy wiiezd aiea’ca z:::at m(}’wm)




DPTHIN 2 ASHRAE Advanced
Energy Design Guide forSmall
Office Buildings 20041

Amerioan Sccietrel ?’%ézz{a.iﬁg,; Refriger-
ating and Alr-Conilit Fouing: Engineers
www.ashiae.org

{80 5274723

Advariced Energy Design Guide f
Office Buildings 2004 was bk
the American Sediety of Heatiag,
eraring asd Ale-Conditioning Engabears,
Inc. (ASHRAE) o provide a &iaés_ '
approach i small office buildings for
ereeeding ASHRAL 9511999 srindards.
The guide pravidey dimaresspecihie reos
ominendations relative w the building
envelope, fnterior éigia;:'iz;g’ and HVAD
gysierns thize will ivprove building snergy
petformance beyand ASHRALE 90.3-
1994 by approxdmarely 30%.

Option 3—Advanced Buildings Core
Performance Program

The Advanced Buildings Core Pe z:x(}*";
mance program has been z{ss,mgu
USGRC as a preseriptive path
o energy modeling for pm
TR {4 r‘;‘: Py H&BW?IW

iuu;u&?@ s
of the Core }i’wé}aﬁmmm P

crediz discasston fof projecespecic apnli
v poime achiovemen

cation snd chery

*s*wmi“-
gﬁ;@vﬂ
the on
heprogram Wiy de-
ie simiwam

The Advance ﬁ fa_’ ik
MRS PR
of the Advanced Tuil
progran Core

B w AT

:'m LTECE 350

& rmmretiol fsay
e boilding e

WALty

There are several asprots the Core Perfor-
mAtice Program ¢

o ?ui&;s witly other
Eol-
lowing the Core Pedfarmance program
iv mot an altersativi padh ro achieving

any I@?ﬁis‘fﬁiﬁ credits @i

i‘hcﬁz igquwa,&n:&z}g@. af @‘é‘m L-i:;é'} credivs
st prerequisites.

OPTIOM 4—Advanced Buildings
Benchmark™ Version L4

Nw iﬁimigimgx Fnstitute

SO E
ings -i_m

determining buil

ForBEA Credic ]

quitres Full comy
crieria i the Ne
Tutdings Be ackmatk V@:rm@n [N

i T&biﬂ #.

s P

sl

Approach and

implementation

Cption L

The ASHRAR/TSNG

041 spenidix G Purfor-
mance Pt fois ar effeciive
method fore
Fasmanie,

'i LTI "f“z

mxaa and Benefirs &

: Perfopmiange
i{kf ny Mu:sm‘i peeprseed b LEED
it The germ “Proposed Buoilding
refirs to the “the

Atianice ik

MARIEG . D
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Credit 1

Table 2: Srope of Reauirements Addressed %33; Advaned Bulldings Benchmark™ Version 1.3 s perfaining

W LEED Cradit 1 Upﬂm‘% 3

Advanced Bulidin

Sediion &

?aq&%mgi LI
Reguired 1.2
Renuired 1.3
Reguired 1.4
Hequired 1.5
Required 1.6
[Retiired 1.8
Required 1.9

Required 1,12
Reguired 123

Réquired 1.10

Design Certification

Comstruction Certificition

Operations Cerlification

Energy Codie Campliance

Air Barrier Performance

Window, Skyltight and Door Certification
Em-ggy%ﬁicimtﬁamft@rmers

tighting Condrols

Outdoor Lighting

Below-CGrade Extarior insulation
Rafrigeration and lcemaker Efficiency Requirerments

Section &

Reqguired 2.1
Required 2.2
Reguired 2.3
Reguired 2.4
Reqguired 2.5
Required 2.6

Opague Envelope Performance
Fapestration Performance
Cond Boofs and oroofs

‘hechanicit Bystem Design

fechanical Eguipment Eficiency quwremems
Wariable Sg}ﬁ@d Contral

Brguired 2.7 Lighting PowerDensity

energy cost caloulazed for a propesed
design.” The erm “Buseline Building

Performance” refers to “the annual encrgy

cost for a building desizn Intended for
use as a baseline for rating above stndand
design.” The modeling methodalogy
addressed in Appendiy G of ASHRAE/
TESMA 90.3-2004 desiribes procedures
for establishing the Proposed Building
Performance and the Baseline Building
Perfarmance in order tw evalugte the
Percentage Improvement B engigy cost
for the profect. ‘

The Performance Rating Method requires
the development of an energy model for
the Proposed Design, which. is chen used

~ as the basis for generating the Baseline

LS, Green Building Councll
L0

Design energy model, As the design pro-
gesses, any updates madeso. thé Proposed
Design energy model {such. as changes
to the building. edebation, wall area,
fenestracion arex, space funcrion, HVAC
systean wype, HVAC system siving, et}
should also be reffected in the anime
Dresign energy model as ci;cmm 1 by Ap-
percdix G,

The Performance Radng Method de-
scribed in Apperdbe G isamiodification of

-+ the Bnergy Cost Budger (ECB) Method

1 Seotion 11 of ASHRAE 90.1-2004.
A medel using the Brergy Cost Budget
Berhiod will NOT be a.:a:‘:{:épt.aci for. credit
whder BA Credit 1.

The majer differences bevween the ECB
method and the Pertormance Rarmcﬁ':
Method ave as follows:

1. Building Schedules (Tible G3.1.4):

In the Peformance Rmmg Method,
building occupancy, lighting, and
other schedules may be altered to
model efficiency measites as lpng as
these modifications are bodk reason-
able and defensible. In vh
Cost Budger Method, schedules may
ot be altered. '
2. Baseline Building Envelope (Table
G3.1.5) '
g, Urlenaden: The Peefarmance
Raging Method requires that. the
Baseline Building be simubired




errariens, afnd that the
resufty be gvey roentoulace the
Baselin

bailding an

ty the Proposed Building,

o

5, Upague Assemblles: The Pess
mance Rating Method speafies
the type of assembly wqaw@(é fosr
the Buseline Build: ng swakl, roch

Candd flsor consumgeion. The !
method varies the constru
assemnbly type modeled i e B
pet Building Design based ont

is ia,sv, ;mszi m;wz‘ais 1&;% :
ration be uniformly dz@ffshumd
across all four orientationg The
Enerey Cost Budger Method Hoies
the fenestrarion modeled w 50%
of the gross wall area or the acioal
fenesteation percentaie whichever
s less; arnd requines thar the feres-
tration be disteibured dmilagiy e
che Proposed Design.

3. Basrﬁzﬁzg:' ﬁuﬁ%ﬁ g, FIVAL Symrer

§ 1 é:&.ﬁ«gy’f%}g a*;zﬂ gxé t

%(3‘?;

13 fi*zc_ PEOBORed s g,

¥
ey i N
]?z‘wé %:fwz?;mﬁ allewes

seckiv e s
r HVAC
gy 080
uilding:

o bor each of Tour diss ;“z;‘.‘;\\

eled with an {}fifiﬂ%&mﬁﬁ {d&mficw&

5 v rition
w_ whand Baseline
Design Systemis.

b, Baseline Fan Powen
Performnce Rathy i
fan power forthe Baselin
is Byed buased. on ot
volume, an
88 COOSEANL Vb
volumme, This
savings abhid
proved duce
amm@ gm,gmm :

sifiparion
- or variabile
ai ré !{mm the
Foan i
- yachiaces

SR
b

ok, the

ferﬁu*ﬁm& Faring M
Baseline Sysran b using
defaady rados. s credie
for systenas that wre uppropiiately
sized, and pupalizes evopsized

systems, Wih the Erergy Cose

s

ari sis e alzing b
wors as the Praposod- Doy

Starting the en
praject design

e rastve ¢
RIS Boss

T
Fof exaimple, when
power is chapped, thi
Heneds gl dod :
Wihien buildi

dectvased i g haor Ewm Y

wh fieele or

Budoer Rethad, Budeer Systems
b #
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Credit 1

$1.5: Green Building Cound]
isx

no heating, the model will indicate the
quantity of additional cooling energy
savings (due to lower internal loads) and

- how mech the peak cooling equipment
B Sqp

aars be downsized. {for fest cost savings).
Bor 2 eold clinare, the medel will reflecr
hower moling energy savingsh arsed an in-
crease in heating energy (due o a lover
internal load), In almost all cases, there
will be savings beyond thae of the light-
ing alone, with the greatest savings in the
hoctest. cliosates and the least savings n
the coldest clintes.

The Performance Raring Method requires
thar annual energy cost expressed in dol-
jars be used to calculave the percentage
improvement in energy usage. Annual
CRErEY Cosis ars deeermined using rages for
purchased energy such as elecericity, gas,
oil; prijpane, sieatn and ¢ bilbed wares thar
are based on actual loeal utlity rates, or

that are baged on the stare average prices
published anbually by the U, Depare-

ment of Energy’s Brergy Informarion Ad-
miniseration (ELAY at www.eia.doe.gov.
Strategies

Four fundamental sttegies can increase
energy pertdrmance: redude d;f:ii“i_.”i}‘dfldg
harvest free energy, itcrbase efficlency,
&ﬂf.{ PRLCRCY WEsTE CI}{?{gﬁ%’ v,

0 Secomplish demand reduction by opei-
mizing building form andorientation,
by reducing inreinal loads through
shell and lighting improvements, and
by shifting load w offopeak periods.

0 Harvesting site energy includes using
free resources such as daylight, venila-
von cooling, solar heating and power,
and wind energy to saisty needs for
space conditioning, setvice waterhear-
ing and power generation,

0k Inereasing efficiency can be accom-
phithed with more efficient envelope,
lighting, and FIVAC systerns, dnd by
approptiately sizing HVAC systems.
Mare efficient systems reduce energy
demand and énergy use.

U Finally, waste energy can be recovered
through exhaust air energy recovery
systems, graywater heat recovery sys-
rems., anel cogeneration. When apply-
ing these straregies, It i imporiang to
establish atud dogment energy goals
and expeerations; and dpphy modeling
rechniigues ro féach dese goals.

Option 2

For small office buildings fess tha 20,000
sq.ft., the ASHRAE Sdvanced Energy
Bresign’ Guide for Small 5‘“1’5@ Build-
ings 2004 provides an effecrive means
of limiting building endrgy us '
decumenting improved buildi :
performance withioue the e fm & bnaifd
ing energy mbdel The dimatsspet
f"emmmméatmm listed ini the AS -R,Mz
Advanced Encrgy Dmmg{; Guide shopld
be Incorporared o the. }'};‘owcs: c':‘ats’Eg in
the building desigh in onder to optimize
building pmfmmmw with mintral fme
pact on cipital costs.

Toc wmpiy with the prescriptive measures
of the &%HEMEA&V&Q@:& Energy Diesign
Guide, the project team musefir st ;dmn? y
the climate zone where &
locazed, Section 3 indudesa ﬁmi E:d Srates
mrap defining the eighy dm‘mts:: zones by
county borders.

The project ream citechen: ﬁnd thie appro=
priate Climate Zone Recommendation
table identifying all of the prescriptive cri-
reria required. for their project. These cri-
teria include recommendations for toofs,
wialls; floors, slabs, doars, verical glazing,
skylights, interfor iiﬁﬁ ting, yeniikaion,
ducss, energy recovery, and service water
hmm}% To acliieve BA Credit 1,  project

eams st fi uﬂ}? m)mpi}f with all recom-
§ i e fi&vmwd

Option 2

The Core Perfarmance Guide describes
the requiremnents of dig program, The




ribsing bt

Ciukle s ¢ v Five B e
tioms, o
thie program requi
Performance. progy
IEGUITRERTS B8 1Y

Fsnduction

PEOETAT, mduda;@% {%&:: b i
used w0 develop vhe progeam, Theintos
ducrion also inchides 2 Gudek S
that provides & program overy
table 1;1:};;@.{'_ CHTECHITES t%i;f r;:?rs'v

Secrlon 1~ iﬁ%&;m Pricesy E%{:gmmﬁm’nh
- {Eﬁ {Eiﬁ%ﬁm ander Cption 3)

This section deseribes a series of
mients that addeess the desien pi
encousage the development of 2
integrated building design. Mastof tie
eria in this section are typlealigimphe-
mepted by LEELR project veams, dnd can
Jelp the team to track building perfor
e ssues miore efl sctively ’aizmw?
design and construction progess.
projeces. following the prescripive path

IR

i

for poings under EA credie T mis
srentdl of the ceteeria Dsted o this s
of the Core Performnoee Gpsde,

The specific criteria in this sectibn of Core
?miumm‘w ase:

It Identify Design Dneeng

L2 Comppunicating Design i?%m@.ﬁzr.
13 ng Cenfigusadon

14 Suavdeal Sysven: Design

S .

L6

Sectipn 2 Core Performance Require-
PRI {Ri’{}i §R§ I z.%m?m’ Cpsion 3}
bes the 5;&1 }f WCUDETEY
"z;%ig?ﬁli‘{a-?i‘k basls
: ! jazmgx wrchey
the {,wat,_%-f 3’% FP G pROgERm, OO0

ample projectswithoy
nier brinplenviens the Dedk
Systerns oriterial.

The spectfic criteria in dit se

the Coge Ter
uider somie s

dce iy not be
jud i %*(‘;: g
g el

Poefommutdor are:

1.1
1.2
1.3
1.4
L5
1.6
1.7

Energy Code Cors
Afr Barrler Performaiee
Indoor Awr Qual

Below Grade Insulation

Envelope Perfermanice
Fenestmtion

Lighting Controls
Lighting Fower Densicy
Sechanio 1§ i‘tf*zs b "w
Predicased M&_ i

Dremurd Canigrol Vr

%%{}%: ‘@fit;& évarmr

e Perfore

Fuandumessl
iianse

Section 3 -« Esbanced Perlormance
5%5‘%&%;@“34(@]5“ TIEIN AL foy miaﬁﬁimﬁaﬁ

poiings)

gan e ds
achieved § : :
dey %‘.,ézzzé}m {}né:: woed Twan).
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LS. Green Building Council

154

Credit 1

Several of the eriveria tn the Fnhanced

Perfarmanes saction of Core Performance.

do not qualify for additonal poins under
EAcl. These strategies are addressed by
diffeteris aspects of the LEED program,
The lizr below ideneifies all of the Fn-
hanced Stravegy Criterla which can be
wied o achieve sdditional LEED EA
credit T points: )

3.1 (oot applicable)
2.2 Daylightng and Conerels

2.3 Additional Ligheng Perosr Bedue-

tiong

2.4 Plug Loads/Appliance Efficiency

2.5 Supply Al Temperature Reser
(VAV}

2.6 lndirect Bvaperative Cooling

2.7 Hear Recovery

2.8 {novapplicable)

29 Premium Bconomizer Conteol

210 Varigble Speed Dirives
211 Demand Responsive Buildings
2,12 Rencwable Energy

213 {not applicable)

204 Faulr Devecrion Diagnosdics

Not all of the criterds lsted in dhe Bn-
hamced Strategy section can be applied
effecrively toall projeces. The design rearo
must evaluare the mewsures described
decide on applicability on 2 pioject: by
project basis.

Section 4 - Energy Modeling (NOT
APPLICABLE for Optien 3 prescrip-
tive path wnder EAcl)

The Core Performance program. is de-
signed as a prescriptive path for energy
performance. Energy modeling isindud-
ed.as an option in Core Performiande for
projects thae wish to demonistrate compa-
rible performante under some state and
utility programs. This is nota partof the
LEEDY prescriprive path option, Projects
which underiake energy modeling for

LEED crediv must comply with die en-
ergy performance tequirsirients deseribed
in LEED, using ASHRAE 90.1-Appendix
(3 ax 2 Baseline.

The Core Performanee progranmy is de-

signed as a prescriptive messure program,
ancd s such Is calibraced vo the presoriptive
requirements of ASHRAE 90.1-2004.
Projeess which use Appendin G as a
baseline may be requized s ucilize o dif-
ferent mechanical systern baseline, and
therefore maty riot be able to demonstrare
the same level of relative cnergy savings
as. suggested by the Core Performance
prograse.  Lhe relative performince of
the baselinie does pot affeet the pradicied
enérgy use of the proposed building, bu
does affect dhe performance of the project
rélative to LEELL. '

OPTION 8

The Baste Criteria and Prescriptive
Measures of the Advanced Buildings
Benchmark™ Version 1.1 provide a
prescriptive means of improving build-
ing energy performanee. To comply with
some of these measures, the project wam
maast idesify the climare zone whese the
building is located. The Advansed Build-
ings Benchemark™ Section 6.1 includes
a United Stares mup delining the eighe
climate zones by county borders. To
achieve BA Credit 1, project wams must
fuilly comply with all Advanced Buildings
Benchmarle v1,1 Criteria lised in Table
2 above in the Summary of Referenced
Standards.

Calculations

Option 2, 3 and 4 of the. BA Credir 1
credis use a prescriptive approach and do
not require a software energy simudation
of the project

Oprion L rélies entirelyupon the ASHRAE
94,1-2004 Appendix G Performance
Rating Method, and requires exrensive
calculations using an approved encrgy
simulation program. The Performance




Hating Moethod &
NOT equivaleny o o
Budoer (FOB) Method
1, ancd the EORM ot b ace
cepred for credit wnder: LERD for New
Construcdon w12 FA (J&ééi’ 1.

Appendix G s
Eawtpy Liost
L LT Section

& roral of fve eneroy shmsilasion suws
are requited i order to demonstrare
compliance using the Performmnce Ras-
ing Method. This inchudes one Proposed
Design simuladon which models che
building a8 destered (with some mino
crctptions), and four Baseline Design
simularions. The foer Baseling Diesign
energy sodels are identieal o each other,
except that chie building orientagion for
each model s modified 2 deseribod in
ASHRAE Sed. 90.1 Table G351
and the window SHGC 1

§ are mvised
reflect the miidmanm ASHRAE Building
Envelope Requisements For the revised

building ardentadon.

The total anvual energy cost projected %nf
the Proposed Design simudation is ¢
the “Proposed Building Performans
The average of the toral pr{;kud artils ral
enzrgy costs for the four Baseli
siearbarions Iy eaffed the ™
ing Pertormance.”

The basic mechod for demonstianing
complianee is to fest model and simulawe
the Proposed Design, and then rovise de
miode] paramerersior che Basels i
ppepdie (3, arid

using each o
sbions. A i
f?.{}.x'a::ai_ E:’ i

as tlesc t3§ fd i A
the B

prescrih
afree §'=
the iém-‘ﬁ%gw i
are: disrpb
ing in the

hzx 1ot mmfu_i £63, 1

ﬁsm ATOYE, 8 .‘z%rimas&%a“w

=§¢:§ |

%m .3.1-@ ?i‘s‘:}jg?@f\;. 3
models unless schigdule oha
sssary to model notestand
meastues such as lighy
verfilation, demand oo
o gervice water Hegr

between the Baseling Buliding
the Proposed Bui E*:img}
ferences should be de
desceibed i the E‘.ﬁ ¢
Barpative. '
Diesign critesia
data and inrerior ti
iy serpeins, wraust b

Proposed and Baseliig
Fy méz TR imlh ?z{:a

i;gﬁ &pams
pe Build-
3 ﬂ-‘i f'ﬁi:ﬂ:{}ﬁ;g or
: e, Butldings
chat have no mechaniead ji;u‘xi;ﬁi‘gg and/or
muﬁmg system, € athigve some credit
by modelt as “oweling” in
the Pr ag}%& ‘ ?3 versus Contin-
onsly operared f}m i ehe Baeline Design
(ASHRAE 5ed. 90.7 Table (5.1 N'ffﬁv 4
-« Fan Sthedufes}. . ‘

B S, 901

vary signifi-

Building "i’%’,mﬁ&}g}r (AN
Table G3.1.5) vwill E kely
casely &ﬁi%m;} ihs‘: H m}.ﬂ; wsed arid ;ﬁ@a&dms)
i}%igﬁ modals

ing Method re:
Dres \ggr‘i be modelod o
few ﬁ;mm exer :u;:'

Baseline
i abovesgrade
_'\-s sravrge e
smb i}f
. . o and msj

Gfaa{mi)rsj,wm the ASHIRAL Sl 90,

s pnpeisnorn L-faorars for the
nmifimgg chimage, Hven i die Proposed
Diesigh corporieds mass wall construc
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Credit 1

U5 Green Building Counci
iB&

stees

tion, the Baseling Design must be mod.

eled using =z sreel-framied agsembly

The percentage of vertical fenestation
modeled in the Budger Diesign should
mazch thae of the Pasmpogaé i}@sxgs% or
0% of the gross wall area, whichever s
less, This feneseration must be equally
disrribused in borgronsed bahids across all
four orienarinos.

“Cool rools”™ (lighe colored rool finishes
that have fow heatabsorpion) can be
medeled in the Proposed Désign to show
the impuact of reduced heat gains. [f the
proposed roof israred st minimym nitial
sotar reflectance of 0.70 and 2. minimum
therrmal emittance of .75, the Proposed

Design, can use a modeled reflecriviy of
0.45 {aceornning for deradation macidal

reflecdvity) versis the defiuilt seflectivicy
value of (.30 whick vwill be wodeled for
the Baseline Desigs.

Shuciirg projections in the Proposed
Dresign, which reduce the solar gains
o ehcé: plazing, can also be model ed o
demonstrate energy savings compared
to the Baseline model which will have
feneseration Bush o the cxwnor wall,
Manually controlled inrerios shading
devices such as blinds and curtaing should
not be modeled in either the Praposed or
Baseline Design. Plowever, automatically
controlled interior shading devices can
be modeted for credit in the Proposed
Design, per ASEHIRAE Sid. 90,1 Ap-
pendix G.

For existing bulldihgs that are being
renwvvated, the building envelope design
parameters for the B meimﬂ* Design should
be medeled using the existing {pre-rewro-
fic} builditig envelope thermal parameters

sather than the ASHRAE Sed. 90.1 pre-

sediptive building envelope requirements
far the specified dlimate, Any proposed
chariges o the building envelope (such
as replacing windows of increasing rool
irsudation) should be modded in the
Proposed Design,

Lighting Systems fir the Proposed Design
should be modeled with the installed

highting power density, asidl, hould ac-
count for all insealled Hghting on te site
including inrerior ambient and task fighe-
ing, parking garage Hgheing amd exeerior
lighting.

Any daylight responsive lighting conmol
systems cas be dircerly modeled in the
Proposed Design énetgy simularion,
Credit can also “he mkm for eccupant
senser Hghtiig conrals (ASHEAE Sid.
90,1 Table G3.1, No.6); howaver, noe
that such conrrols are mandatory per
9.4.1.2 in classroems, conférence reoms
and employee lunch and break rooms,

Lighvting for the Baseline 'iﬁ)ﬂsi.gza 18 mmod-
eled using the Buillding Aréa (9.5} or
Space-by-Space (96} methods, The Base-
ling Diesign model should! dlso include
the Exterior Lighting Power Allowance
9,4.5},

Lighting excepted from die inserior Hight-
ing power allowince should stll be mod-
eled in both the Proposed and Baseline
Dresigny however, this lighting should be
considered “Process” energy ( ASHRAE
S, 9001 Tabdd GA1.6)

HVAL system types will-often vary
berween the Proposed Design and the
Baseline Design medels. The Proposed
Dreslgn HVEX& System: W{m' Guantites.
capacities and efficiencies should ref
the acrual destgn paramieters except in
cases where either 2 heating sgstem o a
cooling systein has not been specified:

IF 4 heats zmg systef imt a0 mrﬁhuu symm -

Idcmimiiy o the Bahﬁ.lmc Dmgn coelin
sysien. I a couling systeny, burne lwa%:mw
has been spectied, the f{?:op.gs;d--.{l‘ic»:ss:.gn-
mast include a hearing system modeled -
identically to the Baseline Design heating
systers. For arcas of the project withous
heating or cooling systems (such as parl-
ing garages); there Is no need to model




Bearing or coolis
Proposed o Bus

HVAL syscems. in green Binldings are
soimetimes hvbwid or sxperitmental in na-
rure. [t soay be decesary to approdimare
sotue of afl ol the Rine
Proposed Diosign experiirensal sysiems
using the Bxceprional Caleulation Meh-
od (ASHRAE Sid. 9001 G253

The Baseling HVAC System Type shall
be determined using the aconal building
area, quantity of Hoors, otupancy (el
dential or nomresidential}, and heating
fuel source per ASHEAE Sed. 90,1 Toble
G 1A and G318, The same Bascline
HVAC system type should be used for
the entire building except for mised use
cooupaticies, areas where socupiney or
process loads differ significanly from e
rest of the bullding, or arcaswith varying
pressurizasion, cross-cong 50
cirendation requirements (ASHRAE Sud.
0.1 GRLLL

For projecesservid by existing FVAC sy
tetns, such as i conveal plany on'a esndpus,
Secrion Wia) of Table (G.3.1 states thar
when there is an existing HVAC system,
the model shall reflecy the actoal sysiem

t}f;}@ aza’%;zw ;za:tmi- COMPOBENT CRPATILILS

When che HBas

fine HVAC syseam

is defined ay o single sone syarem,
Baseline Desigs s&muiﬁﬁ rnadel exacthy Gne
single zone BIWAL
Blmcle, P

tdearicaly
cases whenever g
clesd Tob vhy :
ASTITAL Sotr )
Systern fim se)
hased o a

Ao should bednedeied
i Droposasd andd Baseline

Prewt curr e apod-

a5

5 %‘gﬂ‘*%v abr vk
af Pasehine

.

; arved exhiust

to calculare the total fan power for the

il aspects of

. {i'_;ilﬂ? or Gther corver

svstene per thermal -

ihie som .

civ i wsed

Bascline Systom desipn (ASHRAE Sud.
9‘{}3 ﬂ,szhlw; 7} '

HVAC equipnumnt &
Hne systent shoul
cooling, and 25% fir o {f%‘@f“ﬂ{;%i*-
Sed, 900 G LL 2 and GRIED

Eeoriommizers and exhaust alr enerygy o
covery systems shiould be modeled in the
Baseline FIVAC syseemns when reguired
for the given climate zone and sysvers
parameters (ASHRAE Sd V0165126
ared 23.1.2.103,

Fary energy is a&;};ﬁmﬁ%&' from the cool-
irg systern in the Perfon
Morhod, Thus, i the BY
turet provides an ovesall ciliciency rating,
siwch s anenergy efficiencyradio (EER), it
mvist be separated into the Conipotient en-
ergy-using the coefhicient ol performance
1 {(Equarions
Coor, CioBoamd GO, Pages €24 and
G2t of the ASFERAE 96.1-2004 User's
Bdarmuall,

Uit load housry {g?é:ﬁ%;s'

agcr Kating
i
U -

5%%55&. pistiods

“wheve divy rone is dutsidd s somperarire

sy for
& Diesign.
. z{i hotrs

foposed

Alse, the differende v
between the Baseling an
Jesign must bé no gréater
Li2

;3‘@?3&1:%* g
sed. 9001 @
and -smtrwf ice mellin
exhaust ajr ehe
piles v faboarary
comply with 6.5
heat recovery for s
wihich applies pr
resideritial sougp
and Liundry fa

hm}d {E 5 f}’ﬁ

Eﬁ’é. tion
s eRTOTIOT
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Credit 1

LS Green Builifing Courcil

iag

huxh‘?mg ooy izgjhtmg, (9.4.4%; park-
ing garage lighung (Table 9.5.1, 961}

exserior lighting power (9.4.5); and all

permanently. wived electrical mosers
(10413,

Where there are specific enprgy cfiiciency
requirements for systems in. ASHRAE
Sed. 90.1, the Bassline Design model
shall reflect the lowest efficiency allawed
by these requirements, and the Proposed
Diesign shall reflect the actual installed
efficiency.

Process energy is comsidered to include,
but is not limited to, office and general
miscellancous equipment, computers,
elevators and escalaross, kivchen'cooking
and refrigeration, laundry washing and
drying; lighting exemps from the lighting
power allowance {e.g., 'igh'ﬁ:i'nﬂ integral
ro medical equipmenty :md ather {eg.,
waterfall pumps),

Process energy cost shall be equal o ar
lease 25% of the Baseline Building Por-
formanice. For buildings where thie process
energy cost is less than. 25% of the baselire
building energy cost, the LEETY submiceal
ST, z.m-:iuda supporting decomentition
substantbiting that, process energy inputs

| are appropriire.

Table G-B of the’ ASHRAE 90012004
User’s Manual provides acceprable re-
cepracle. power densities per aocupancy
type, which can be incorporared futo the

building energy models. Otlier process -

energyinputssachaselevators, escalators,
dara center and relecom room compz,;.xifﬂg
equipriens, rtzﬁi%gaf;ﬁim}, Procrss %i ghiting,
ard non-FHVAL motots should be mad-
elod based or actual grower ft:x;g;_z;éfmmén £,
and assuming reasonable schedules of
operation. :
For BA Credit [, process Joads shall be
identical for borh thiBasdling Building
Performancé sating and for the Propesed
Butilding Perfornmance vating. However,
profect teams may:follow t}ﬁc: Exwpmmml
Caleufarion Method [TASHRAR Sid, 90.1

2.5} to-document mensures that reduge.
process lnads, I credit s takén for process

loads, the caleulations pause inelude rea-

senable assusprions for thebaseline and

proposed case, 5 -

Energy Rates are an. bmportant part of
the Performance ﬁ;a:zinig_ Fieehod, Rares
from the locdl udlity schadules are the

default option o compute Sergy coss.

The intent is o entoyrage simulatons

that provide ownery value, and hedp thicint

minimize their enetgy costs: The modeler

needs to use the same raves for both the

budger and proposed building designe,

I the absence of o local utility care sched-
ule, or of energy rate schedules approved
by the local ASHRAE/TESNA 90.1-2004
adopring authority, the applicant may use
the energy rates lisved In the'stateaverage
prices published annuvalty by the DOE
Energy Information Administration
(EIAY ar werwicha.doe.gov. i{éﬁgﬁ,i'cfﬁiafﬁs af
the source of the rare schédule used, the
same rate schedule mugt be iwed in both
the bascling and proposed simulations.

On-Site Repewablé: Energy and Siee-
Recovered Enevgy cests are pot includéd
in the Proposed Bullding Performance
(this is a LEED for _E‘?@%& Coniscturtion
exceprion to ASHRAE Sid, 90.1:G2.4)
thercfore, these sysrerms receive Fall eredic
using the Perforamace Rating Method,

Examples of onssite renewablé-energy
systems include power geasrated by pho-
tovoltaios or wind torbines, and thermal
energy collected by solat g}andﬁ Fxarrgples
of site-recovered energyinclide hiear re-
covered with clitller Hear FeCUVEry sySens
orwaste heat recovery uiiig o dlstrahmmd

-gﬁ%’iﬁ‘i‘&fif}ﬂ ‘ijf‘\;ﬁé:ﬁﬁ‘%.

Whn the acounl buildiig ée; Siir oo
rages on-siee renewable o sirgedovered

eniérgy, the Baseline Design: should be
modeled based on the. ba imp enieigy
soutee for the aerial buil
electitcivy i no back '
speaified. Proposed Bt

desigr, or
gy soubce s
ikdinig Performance




can be determined wsing one of e ful-
fowing swo nisthodswhien pr-siee repew
able energy of site-resovercd dniegy is
incorporated fare the building prajecs

i, T\fﬁii}d@i dm SYBLEmS C%m Tzv m e

{hn Emﬂ,émg s fzmm ;ﬁ{}gzﬁm hae
the capability of meadeling the onesive
renewable or ﬁii@'-«fﬁﬁsﬁ(wﬁ&“ﬁﬁ :

he ﬁ:‘;-xfzd,d shioidd. seflece ey
cost savings achieved thiough the on-
site re émwahh, or site-recovesed enesgy

i
mads], T

SysteIms,

?w&

Modsl the systems vsing die
sional Caleulation Mesliod,

I ehe
building simulation progmin does

“ner have the capability of nisd
the on-site renewable or site-recovered
energy systems; the energy saved by
thiese systemys can be a‘z‘.iﬁxummz s
the Exceptional Caleulaton Method.
The renewable
ergy cost can then be subacted Fiin
the Proposed Building Performunce.

oF sHe-rerovered: vie

Foed

The BExceprional Ca Ecs;?ariﬂezz f‘é-'ﬁ.;”
(ASHRAE Scd. 90.1 G2.5) shall |
to document any measures that cannocby
adéquately modeled in a siinlaviion
gram. Documentation of energy ;
wsing the exceptional caleulation nethod
shall include a Hst of the assy
made for both thed Baseline dnd :
Diésign, theoretical or empivieal infors

it supporeng these assemiptions; and
che specthe e g 15
based en ghe ©

st Dasigey

bt 4

~uharion
imited w,
"t E»ziétcimm

eled wsing the
Method indud:
(MPrOVerents. 1
exhaust systerns. in
efficiencies in high
itgs, graywarsr he
LEZEY covmipuetes moiii:
o eefrigerarion cquips
wiipe VAV ooovpant s

Escopts

f".éat panet
DvEments

Conimot mistalog p
manoe Rating Methoo
4 Har of comon. misy

f{;:“ denre %c;pxm Pz"i 'f-
ared %iibﬁ"iiﬁi&a,

b The Fneroy Wethod
(Section 11} B incediecry sd rather
than the I%:rfi}f. rodvice Rating Method
{Appendix G} ro obldln BA Credic 1
crerdit,

2. Cemer-ot-glass perfonyance s incor-
recily tsed rather than feresgration
assembly U-factor and ek Hear
CGain Coefficient, The Huilding En-
velope Requirements listed for each
climate zone (ASHRAL Sid. 96,1
Tables 5.5.1 if}im;gw 5.5-8Y refer
w fenesiration sssembly sasimuin
U-tzctors and SHGE: for glazing
{also see ASHIRAL Sud, 9401 Sectony

528 4and 50 8 i
ﬁ&a&nmhiv perfofma
the impacts of il
elaing, Tor deirer
assembly U
Lrain Coefficie

R

7 b
CE?uts te o
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L3z

s

“d

%

i

11

12

transimittance shall be cerdfied and
lakeled in secordance winh NPRC

FO(, 200 aned 300 respectively (A8),
Baschine Design window aréa per-

centages drenot cilculated n accor

danice with the Performance Ratng

Retbd,

Baseline. }f}mgm fuaﬁstmmm {5 now

untforly distribured acvoss all four

- building otieraions 35 required by

the Performance Raring Methiod.
Tite Propased Design does not ac-
count for portable {task) lighting,
Mon-tradable sutfaces (uehias budld-
ing fasadis) we jncorrectly reated as
sracible surficeswhep depsps
exterior Hehting power allkywance.
The Baseline HVAL Spstent type is
incorrectly determined.

The Baseline Systent-Unpaciries,
Desigr: Supply Ay Volome, or forl

Fan power arg incorrecthy calaulared.

hManufasne

s overal energy
efficienicy ratings, {(suchay EERS) are

not separated into the. compenent
energy using the coctheient of per-
formance {COP or other conver
sion factors in accordance with 90.1
regaitemiehig, '

The guanities and/ ;
ers and boilers are nen d&‘:ihi‘ﬂ"ﬁl’ibﬁi
in agcordance with the Performance
Hating Method (ASHRAE Sud. 90,1
G3A.1.3.2, G3.1.3.7)

Irsuffcient nformaon s provided for
erieigy wcasures incorporating the Fx-
ceptional Caletladon medhodology.

Energy conswmption s theomeely

used to caleudare the Percentage T
provenient rather than energy cost.

fvg v

'mmddv‘d as aa..?a,e:imgmf \zﬂ‘%f %irarmz

and possibly other energy sotirces such as
stearn and chilled warer, The total anual
energy cost caleulated for the Proposed
Dresign simalation is Ehé P‘mpmrs{i Build-
ing E}trf%mﬁme. e, Theaver ﬂwa mmi mﬁ,ﬁgsf
sost for the fonrorientarions si
the Baseline Diésipn. is thie Ba safzmﬁaﬂd
g Performance. ASHRAE Sed. 9(3 1
rf;qz;zn*ﬁ ;:ﬁ*m the priergy cotsumy
: pephited i‘%r gach
ing é:mi ~gse. En a}&% brased-
s:m.h ag el QLR
can be Foured in th-zz {%Eﬁ
PS-E reports, In Tra

fm i‘vcw md h sting Bui;
pgnition of ﬁw cot :
zmewmng an ﬁxiatmg :a%s:a £
new construction,

Example

The §k}!i'uwi'ng 8"5&&1‘!‘);‘&}{3 shows how zi"z

.gn’-:::ﬁse
wses i high pu:f Fpesis i
3% glagng, 5 .
m}i}zfvm hcr}jmm wuj §
Hghting, a Vi ’i‘%’ alf 3

ciuﬂeé Warer imm mf"f

Fraeh "f:'ﬁxs’iv&@
o vk ihle

hm Yoater reﬁxma v:;;m

iciclel ugifiy l}:
Energellas, Cagr,
other howrly fz:mi ﬂmf mﬁ,rg,wmﬁddxrsg




Fowire 10g, |
feigoeds, it
loads and the cur
patiey profle and se
to detersmine cents

meeiric smnipulbaion, o
withing wirhy the design ¢

erepced standard, T he elersy g
by zha phmm;f}i tals mmf

v
ing: t.?z{: A% ;iﬁz%% e 90T Exob
Calevdarion Medhad.

The Pragosed Building Pesto

caleulatied s dhe total proiey

aast for the Propesed Desipn B
- Model minus the energy ges
the photovolaic panels as cale
Py s Viersion 1

The Baseline Boilding Performante is
then calenlated by adjusting the wix
parameers 1 meet the reduinese s i
in ASHRAF/TESNA Standard 911
Appendiz G. The Baseline mode il
the same plug and process loads anid wo
idenwivat buiiding occupancy profile and
schedule o the Proposed Design in ordor
o aeeurately deterning censral spten
capacities and energy wse by system

For the B
eler ;ﬂdmgﬁmzm the ﬁ@m:;&f

Hine Model, theen

avicl (o tret vivii:
Hegeiie %m
zone. T }w i% ety E~

Fovelope
v chifnre

il Warialsle A

Eguntion 1

Pepeantige Wﬁpmyem@m < 100w 1 - Proposed Buiiding Per

zmi g}»:.,;:m}srms
¢ fan supply

b :F_ﬁ\%.m this ta caleu-
Basoline Dlesipn fan bruke
psepowes, and toral Baseling Design
iy power resprey

the Baseline
T irotidatiory st with the actual
birileing orien ! ]
building 96°, 180T

T Ex cm:zggf fiily
iim ml&i mnm] u”z@fi_

whe Baseline gzﬁﬁié hg P Aormance,

Io the example. the Geers] Building
Energy Model Informanion Sssuminarized
in Table 3, the Baseling snd B m;ﬁm@d
Dresign inpur parame icrg
in ?&éﬁ&z 4, the Buse gma, Pertormance is

calcubired in Table S, andd he Buseline
Dess *z :ms:i ?'a*a;msﬁ'@azi Dresign resulis,
ERRRS S B iy

¥ ld[ﬂz&fﬁ'&&

i ti?x pmp@ﬁge ? i s

sty mm;;ai«m i

Baseline Bl

didg Perfariianie
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AR EQ D |

Table $: General Bullding Energy Model Information

s

: ¢ Rating
ProjectMame: 0 |
Project Address:
Besigner of Record:
Contact Person:

Thate: Oc”m%}éé“'ﬁ: Ezﬁﬂé
o elephones PHOL-GH-0400
§ Telephones [ 702-014-9284

ity Privicipal Heating Sotrte:
1 1 Fouslt Fael L Blectricity

3 L Solar/Site Recovered ' [ Othey
Weather Data:

C_E%mate- Zone:

Space Summary

{Caﬁdz‘eaoﬁecﬁ Ares (s1)  Unconditioned (57 | Total (sF)
. Fr e i ho0
50 OO0
10 {0
5000
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& 000
£000
000
100000
Budvisory Messages _
Praposed Butlget Differarice
_ Budlding Dasign.  Building | Froposed Budgel}
Murnber of hours Hﬁ&iiﬁg‘:ﬁmaﬁé“ﬂﬁ%m:&!': L o et &
{system /plant) :
Mumber of howrs cooling isaés net et o
{systarn [ plant]
iMumber of warrings 0
RimGer o errers e
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Description of differenices betweer the hus:}g;et mn {img zmd pfap@ﬁeé eeszgn not
documented on other forms: L Not pplicable (W Attached

Additional Building Trtarmation

Guaniity of Floors

Stonvuiation Progrant -

LIy Rates Eleokricity -

Utility Rate: Natyral Cas

Utiliy Rate: Steam af
Hot Water

Utility Rate: Chilled Wate

Utility Ra’%@ Other
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Table 6: Percentage bnpyovement

Performance Séatmg'"i"a&ie:‘ ) Efcl Points: s
Enerpy Summary by End Use .| EAczPointsr 1

‘interiorighting [Amblend) CHLBT

interior Highting (Process] -

Exterior Lighting Sa4 T TR IR

Space Heating Huel 1) 5056 0 L AIOL F 9%

Space Heaking fuel 27 _ . e :

Loace Coolmg 3643 BI71 . 65%

Pumps EE N NS AR

Heat Rejaction ) L

Fans - Interior 2245 _ vz 2%

Fang “Farking Garage . I _

Seoyvice WalerHeating {fusi 1) 573 ) iy 0%

Service Waler Heating (fual 21 : o

Receptatle Equipment 10407 ' COATIR o 0%

‘Befrigeraiion{food, 8icd

Cobking {coimmerdad faebl)

| Coking (commiergial, fuel 2) . } _

Elanatore atvd Eacalatars, 167 : 373 "

{ithier Process. N 289 TE O
Tetat Bullding Consurmption T 33925 | 2,845.8 £372.5 2O8LE 7 - 23%

Aotz Eﬁergy Cmsumpfmn i i;ftm‘ m finits z:gf sfte energy
il

: _ : 3,209.7 5I07,168
Naturad Gas. AL o BRI 55,473
Stears o Hot Water o
Chilled Water
Oither ; . . . i .
Tetal Nanmnawabie T BAYRE | EBS&EY A3TEE | SIRZEHL ' 2% 28%

{Repuldted & Unregilatady

e Enera etﬁ !
Renewable iﬁEQ

Site Recovered |
Exceptional Eaiautairon
Hl5avings
Exeepional Calcuiation.
42 Savings

Brgeplional Cakuiatfcm
#3 Salvings

Totalincluding 2967 $83,030 % 26%
ercapticnal caloutations. ' o N i

Pomcentage impmvemmt mﬁ R - {?‘mﬁmeﬂ Eniie;ilixg Perfmrﬂam} Easaef;m %ﬁéing Pﬁrﬁarmsnmjﬁ IB.39%

Feﬁ:em Wenewahle = }%ﬁﬂ fi?r&pm ﬁmkﬁng Parfamazsm +REC) B08%
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FHIIMET enelgy COST mvingS perckn-
ages will be considered for one additional
point urder the Innovation in Design
Categnry:

) Mew Buildings: 45.5%

o Existing Buildigs: 38.5%

Submittal Documentation

This cradi 15 submiteed as pare of the
Design Subsmival.

The BA Credit 1 Submiral Tomplaw oro-
vides detailed tables und calcnlations wo nigis
with the completion of this coedit. Instue
rions are self-cormained on the wmplate
and o kogihy o repear here, Users are
orompeed for relevant profect and medel
dasz, and the forms suromsatieally generate
percent savings and poinis schleved,

e

Censiderations
Gt gipes

Some energy-efliciency measures may
ot requive addidonal Brse coses. M
measures thar do resule in higher o

costs may generate cost savings from
enerpy use, simaller equipmient, redizced
space needs for mechanical and-elecirical
equipment, and utility rebares. These
savitgs may vasty exceed the Incremental

3*§iaq§ costs associated with the energy
efbciency measares.

The importance of even small enenry-

vifieant, For
nédescont lamp
with & Foors resiil ¢ in $31)
b $50 in energy cost savings over the
otk 1;;{{;}‘,;}*

efficienicy men
IASTENRCE. 1O

A

Ersdivonmental Issues

Comvmercial amd residentiad buildings
consuite apuieE 5 af the
electriciny and 143 o iy £he
United Stares. Convertional fofms of
energy produdtion may navé devastarting

ebectricity from fos i and
warer pollutionhydrocecu sraror:
playes can mpke waerway tabile

for indigenovs fishs amd pudear powerhas
safery concerns ag well oy probless witdh
disposal of spent fuel.
Energy efficiency in Buildings limits
the harmful envirenmenta! side effects
of energy generation, distribution and
consumprion. o an isreyrated design
vrocess, encrgy efficiency measures can
be implemented in conjuncuon wids in-
door enviFormental qualice nreasures to
improve building comfory, while reducing
facility operating costs,

Besources
Please see the C%f&%’f Vel sive ar vy,
usghic.o GE DRORE 8 specific

seratods ang sther

eSOt :
| iformarion.

technical

Wleh Sites

Advanced Buildings Technologies &
Praciices
Matiral Ressvices Canada

wewewradvanced batldines.org

This wel resource supperted by Natiral
Resources Canada presents energy offi-
clent rechirologiesand serategips for com-
reial buildings, along with pertinent
case studies.

i

American Councll for an Eoergy Fi-
Heient Eﬁiﬁﬁ&}ﬁk?‘ {AUEED)

{?;@;E} xmﬁsa?;é

ACEEE is a nopprobic org
dedicated o advaniing end
through techieal and poki
advising poalioyn: \
managers; collabomung with bisineses,

public interest groups. and other orgin-
seducation and out-
s, workshops,

zations; and providi

reach th F“ﬂii”’;”ﬁ- Combere

and publications:

Credit 1
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American Sodiety of Heating, Refriger-
ation and Al Conditioning Engineers
(ASHRAE)

www.ashracorg

(R0G) 537-47253

ASHRAE has developed 2 number of

publications on energy e n existing
buildings, including Standard 100-1995:
Energy Conservation in Existing Bulld-
ings. This seandard defines methods for
erfergy supveys, provides guidance for

epesation and mainrenance, and describes
building and equipment miodifcations
ther result In energy conseivadon. Two
pubilicagions referenced by this credis
(ASHRAE 90.1-2004 and ASHRAE
Advanced Energy Design Guide. for
Small Office Buildings 2004) arg available
chrough ASTRAE

Building Eoergy Codes Program

1.8, Department of Energy

WW SO s L0y

(00 DHAL-DOE

The Building Energy Codes program is
updating the COMUheckEZ T compli-
ance tool ro nclude ASHRAT/TESNA
9¢.1-2004, This campliance tool inchades
thie prescripive path and trade-off com-
pliance methods. The sofrware. generates
appropriate compliance forme as well,

Bailding Energy Use and Cost &ﬁdﬁ}f&i&
Sofrware

wrwwdoe? com

Informmarion and. products from the de-
velopers of DOE-Z and DOE2 based

_products inchuding ¢QUEST, PowerDOE

and COMeheck-Plus

Erency Stan®

W EHerVstargor

(BBE) 7827937

ENERGY STAR. s a government/in-
dusery partnesship managed by the U5,
Environmental Proteation Agency aod
the TLS. Department of Energy. The

program’s Web sive offers energy manage-
ment strategies, benchmarking sofrwire
tools For buildings, product precurement
guidelines dnd lsts of ENERGY 5TAR-
labeled prodiets and buildings.
Building Upgrade Manwal

www, energystasgoviinder.cimics
business.bus
manualfclaveutsprin

wpgrade

This docament is a guide for ENERGY
STAR Buoildings Partners to ase in plan-
ring and implementing energy efhelency
upgrades in their facilit i and can be
used as a comprehensive frafework for
AT ﬁ}{'},éﬁl'gw‘f’ Stfé}?;ﬁg}"; -

Eaergy-10TM Energy Simulation
Software
National Renewable Energy Program
(NREL}

www.nrel.gov/buildingsfonergyl0

(303} 275-3000

and |

Scsainabl Bl dings Tndusiey Counc
(SBIC)

hetp:/ fwyronnrel gow/buildings/energy 10,
hmi

{207 GIB-7400 exo, 210
Ererge-10TM. is an swardswinnimg soft-
ware roolfor designing low-energy build-
ings. Energy-LOTM initegrates daylighting,
passiveselar hearing: avsd lov-encrgy cool-
ing serategies with enefgy-cfficient shell.
design and mechanicad equipment. The
prograrm i applicable wrseall commercial
and residential buildings with up w wo
zones and simple HVAC equipment.

The Energy-10TM software was devel-
oped by the Mational Renewable Energy
Labuoratory under funding from the OF
fice of Building Technologies, Encrgy
Efficieniy and Repewable Enargy, U.S,
Department of Buergy. I is distributed
by the Sustainable Building os Industry
Cotneil under lcenge o the Midwest
Regearch Instivute. '




Mew Buildings Institute (NBL

?Yﬁﬁi‘; goission of MAT

efficient wie of enery

impacts resulting frofn etergy wse. T %m
site inchudes helobul information to plan
building upp rides, such as the Advapced
iz htlog ines that desoribe energy-
effrcient Hghting serategies.

Office of Energy Efficiency and Renew-
abile Energy
U8, Department of Encregy

bt/ fwweeere.energygovs il nw.(,\:f'
771 3573463

This extensive Web site foe eneiny

ficency Is Hoked to 2 number of- 1O

?i:nt&d sites z%m; (zds:}aw; i"sa%ﬁf:i" m:i

Ea;zihi%ngs Eirxczz;‘g}fﬁ C%}zzﬁm&gﬁzﬂn i%}f;i i'}f}’r
i g *ztd'«-w% Cﬁ!’l‘i%ﬁ‘ﬂ'{?‘?i&i’i i1 com-

‘i_i".jg’; shei, vimaa -wf.:mn d Foirite 2o
and fuely (main hear, secondary hear,
coting and wazer | ﬁ.&i"&g}, md 0 view
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Netweork Egsipmens iy
Report and Appem
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ecrs/InfoTeck
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Seetn and John 8, Reynolds, John Wiley
and Sons, 2000, This relerence tevaurce
details informmation on the relarionship
berween mechanical and electrical systems
in buildings.

New Buildings Instivure, lnc, Published:
by New Buildings Inc. Available a5 a
free download or purchased a5 2 printed
manual of 390 pages.www newbilidings.
orgflighuing e

Suseainable Building Techaical Mapual,
Public Technology Instirase, 1996
Advanced Buildings™ Core Perfor-
mance™ Guide

The Advanced Buildings program was de-
veloped by the New Buildings Institute to
provide a preeribtive program to exceed
ehe erergy performance requirements af
ASHRAE 901, The program was de-
signed o provide a predicrable alternarive
to energy performance modeling, and a
simple set-of criveria that can be imple-
mented by design teams o significantdy
increase building energy performunee.

hirpoffedvancedbuildings nev/vorePerf.

b

B
Definitions
Bascline Building Performance is the
annual energy cost for & building design
intended for use as a baseline for rating
above standard design, ay defired in

ASHRAE 90.1-2004 Informerive Ap-

pendiz G.

Drayfighting is the contnlled: admission
of navarsl lighe ineo a space throtgh glaz:
ing with the intent of redycliie or climi-
nating elecuric lighting, By wiilizing solar
liht, deylighting crestes a seimulating
and productive environment for building
GCCUpARLS. '

An Exproy Stan® raving kv the mting a
building eagns using the Eiikay STar
Porfolio Manager to compise bullding
energy performance to sitmilar buildings
i similar climates. A score of 50 repre-
sents average building performance

Ingerior Lighting Power Allowanse: is
the maximum light powes i watts al-
towed for the interior of 4 bullding.
Lighting Power Diensity (LPD) i dhe
inswalled lighting power, pét unit anea.




Percentage Improvement is the perceny

o cose savings for the Proposed

Building Performance versis the Baseline
Building Performance.

Proposed Building Performance s
the antual energy cost caloshated for a
proposed design, as defimed in ASHEAE
90,1-2004 Informative Appendix G.
Rated Power i the sameplate power on
a picce of aguipment. b reprosents the
cagmcity of the undt and & the mardmim
a unir will draw.

Recepracle Load refers to ol equipment
that is plugged vt the elecrrical gysuein,
from office sguipment 1o refrigemnns.

LEED for Mew Construction Version 2.7
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% Renewable Ea‘ta?g*g Points
25% 3
7% 2
1 3

potential Technologies & %trgiﬁgi_éﬁ
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“ergy thar might be used to

Renewable energy s

$-£§§mmafy@fiﬁe§emﬁm§
Standard

ASHRAE/NESNA ¥0.1-2004: Fnetgy
Standard For Buildings Except Low-
Rise Residential

Arnerican Society of Heating, Refrigerat-
ing and Alr-Conditioning Engiheers
wyrwashrae. org

{(BO0) 5274725

Cin-site renewable or sibo-recovered en-
sture BA

Crediz 2ist mmﬂﬁd% & :s,pc,f.mm? -

maodeling process. I either renewable of

recovered energy is produced 4
the Performance Rating Method rongia
ers it free energy and It ds noc inglide
the Design Energy Cost. Sée the Calest-
tion sectien for derails,

| Approach and

implementation
spes’ :nc:iméa tech-
nptogies designed 16 caprus
g,::m:%mm"ﬂ water, o1 Blo-based energy
tor satisfy on-site elecitic pawer {éﬁtmma{
or ro direcrly offser space-hes

conling, or water heating energy con-

sumption. Rencwable envrgy systems
should be installed and commissoned to
mraxirnize useful umrr&é::»urmm r;f reitews
able energy,

Fligible systerms witl produce cicher elec-
tric power and/ot thermal eriergy for ase
on-site. Sysvemss producing one-site renew-
able electrical power
t¢ facilitare ner metering back o the grid
for periods when renewable energy system
output exceeds the, st demand. Cost
savings from renewable encray %}*ﬂswn&
shall be mpmtﬁd exclusive of
associared with system operation (E;..ﬁka
deduct energy costs, of puinps, fans; and
other auxiliary devices).

hould be designed.

Renewable Energy Syﬁ"&ems Eligible
for EA Creé!i 2

G Electrical Syﬁeeiﬁs’f Photovoltaic
(PV), wind, hydro, wave, tidal, and
bio-fuel based clecorical productivn
systems. deployed at the project site
are renewable energy rechnologies and
miay be ef%mlc for this eredir.

0 Geothesmal Energy fiyswma» Geo-
thesmal enmgv svstems using deep-
carth watet or steamt sources: (and
et Using vapor compréssion systemms
for heat transfed) muy b
this credic, These \}T :
prf;:sdﬂcé' elegeric
therpral envigy &sr pnmm s &t {hcﬁ
building,

Solar Therpial Sysvemss Active solu
thermal energy syscerms thar employ
collection panels; heat sransfer me-
chanical components, such as puops
or fang, and a-defined beat srorage
S}rewm such - as'a hot waer tank are

dligible for thiseredic Thermo-siphion
solar and storage tank “bacch hearers”
are also eligihle:

£

Systems Not Eligible for EA Credit 2

U Architectural Features: Archinecnral
passive sofar and dayligh aﬂ“-;é;aagées
provide %1gmiﬁwm eriesgy siving
are ahmﬁy efficioricy’
contsibutions shall be d;qﬁzlmﬁﬁifd' in
EA Prérequisite 2, ;md-may“hm:onsif:{—
eréd under BA Credir |

| Geo-exchange ngz;f:&tms* (a fa, geo- '
thermal or ground-sotirce heat pumps)
Earth-coupled HVAC applications
which de wot ebtain significent
quaitities of &eg?«mrtﬁ heat, and use
vapor-compression systems for hear
wranster are not f:hgablﬁ #s tenewable
energy systems. These systeins are -
equm ely addressed in EA Prerequisite
2, and may be considered uﬂdé‘i‘ EA
Credit 1.




 Arehitectural features

L} “Green Power”s Green power prod-
pets {readable renewable cortiBoses,

ewable ene

: ; Vihat e g}m{;%s e
frevn Quanssai Cﬂﬂffﬁs.:ﬂiii SOUTOSE

delivered to the site via dlectric
sransraistion Hnes shall be scoonnred
for i1 BA Credir 6.

Falde ks B4 Credi 2 Bligible CrnpSite Reneviialie
Energy Swstoms

le Bhotovoltaic systems

= Solay thermal systems

i+ Bigvfuel based electrizal systass
 fsubject b Table §) i
' Geothesmal heating systerns

o Geathernral electric systeams

i+ Lowelmpact hydro electile powey
. svstems

+ Wave and tidal power systems
. . . i

Table 2 EA Credit 2 nelighble On-Site Renewable
Energy Systeirs

(¢ Fassive sularstrategies

+ Dayifwhting sirak

le Glig-exchangs ﬁyﬁiémg {ﬁrﬁur@é S@urm
. Heal Pumps)

o Renswable or Greer-power fros ﬂf“ﬁ‘&i’iﬁ
somrtes

Strategles

Dlesign and specify the
posthutding reneveable technalogle:
tribute o the ol coogy regai
of the project. Comsider and eiploy
pfﬁahw;}imm spday therrial, w’-ﬁ;ﬁi}‘_@:hﬁrri‘&kﬂ,
wiridh, bitmass and bio-gas energy tech-
notivies. Make use of ner mering ar-
s oreleciric

service providers,
Lalculations -

: oy Ia ii[&.'{hh
Buitding Pevor-
drn B Credie 1.
ton was- performed
sy che fraction of

agminsg ﬁhz,. e __;ma\
ranice defer

ecofonsiienon
This dﬁzaimsﬁ e

Tabbed: BA Cred

%”8_12'4&% 5

-+ Agficul Furat IO arivEsis
'e Brimal viaste and sther organic waste
s Landfil gas

+ Combustion of muridseliobdwante
'+ Forestry biomass waste, othier thai mill
o resldue ’
+ Wood that has beeyy %:a&téﬁ with: gaints,

plagtics o foraiics
Wood that has be

e i |
thenaterislscontaiptng |
fie wm;wﬁwi& i“ﬁ?ﬁﬁ&

i

stration
Average

Energy Inform,
¢(Bia) 2003 Cor
Energy Costs by 56
jurction with the ©
Eergy (,ﬁmumpmm ‘%az
é&mbme of anntial elect
gas usdge per square foot {5¢

o {1 z&m:g}

}{ti wdtural

kBea/fi2 for various %}m%dmg Eppits in
the United Seates: Costs per square foot
can be dewermined by multiplying che
average elecrricity and ngtutal gas coses
by the efectricity aud fuel consimpiion
factors respectively:

The quantity of eqcrey geremied by bn-
511@:&55&%&&};%s;fg?ﬁ_cma8}:(;313; | be estimazed
(either using the same simufation ool
employed for BA Credie' 1 gl
or & sepatate evculation med
Perloreares %}?i @ renewable sysen may
be predicred using 2 binvpecalenladon.
This requizes theapplicans teraccous for
the. mmm%mtmﬂ of arkabies aﬁmﬁsm@

o s’.ﬁi}g}f}ﬁ

ariong
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Table 4 Defatit Enecgy Consurngtion itensity for [HFarent Bulding Types From EIA 2998 Commardial
Bullding Energy Consumplion Sutvey

Credit 2

Edueation G : 525
Food Sales _ 58.9 143:3

Food Service o 28.7 137.8
Health Care Inpatient 215 502
Health Care Outpatient F g7 565
Lodging _ T8 39.% A
Retall (Gther than Mally 8.0 B 180 |
‘Enciased and Strip Mal.s 0 14.5 N 506
| Office _ 117 » 58.5
| Public Assembly L &8 aeke
(Public Order and Safety ~ | 41 237
Religlous Worgnip N A5 1056
Service ‘ _ L 6.1 § 3.8
Warehouse and Storage I 3.0 96.9
Other : 13.8 525

Tabite §: Default Enevgy Costs: by State {fmmf?ﬁ 200% Camraercial Sector Avermge Energy Costi by Shate]

State ; Skate o . S ruptn
Alabama $0.0682 000938 1 Missourd SOLOSHS S0.00796
Alaska $0:1646 50.00355 -1 Montana 50,0607 56,00623 |
- Arlzona SU.0870 $ODG75H Mebrasks S0L05480 SU.00848
Arkansas AD0528 SINDOBGE Mevades o s0.6955 SHO072Y |
California SOLTTL SO.00843 | New Hampshire 300973 . S0.00817
Colorado 500597 SO.00476 | New lersey SOGEIE  SO.00RES.
Connecticut 50,0900 SOOL101 New Mexico $0,0737  SUO0659 |
|Delaware 500693 5000840 . New York 50,1113 SRO0BES
[Blstriciof T TS0 0645 T 4001266 | Marth Caroling | SO.0bAL 000863
HCohurmbia _ North Dakota - 50,0547 @ SQ.00687
Florida . ShOETE  S0.001083 Ohle $0.0773. 5000789
Ceurgia SO.0669 $0.00957 Oklahoma SO.0571  B0WD7EE |
Hawail SA50X  SUO01826 Oregon SOOEET . SOO0TTS |
Hdabhie 508601 SRA061L Panrsyhania Q0839 . SG.ODESR |
{illinok SO758 SO.00794 Bhode Isiand SU.O834 . 50008964
Trddinng SOOEES SOL00Ba4 South Caroling  SGOB5Z - - S8.00892
lowa ' $0.0602 S0.00758 South Dakota  S0.0605 5000693
Kansas $0.0611 5000753 | Tennessee S0.0631 . SO.0083R
Kemtucky 500520 50.00760 Texas $0.0695 - @ SG.O0757
lonisiana  S0.0663 SQO0Es1 Litah SO0838 0 S0,00539
Maine $0.1019 $S0.01086 | Vermont 50,1087 SO.00778
Margland. SU0B50 50.00807 1 Virginia SO.0572 S0.00920 |
Massachusetts SO0BAE 5001071 Washington Se.aGz4 500669
Michigan SEO7IL SOM063L | WestViginis 50,0845 3000734
Mirmasota SO0RG  SO007/E | Wisconsin . 50,0645 SU0822
PMississippl 500721 MA Wyoming $0.0548 $0.00469
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with the fenewablessurce: Foresample, o
BIPV design would include the eficers of
senny doudyand evercast eonditions: the
arentation and artide of the aray, and
systeen losses, The method Gsed w prediot
the quantity of energy generated by on-site
renewable systems should be cearly srated
in the LEED submiteal neuracive.

The following example lustrares how
o calculate the renewable energy cost
contribution for BA Credir 2

Calculation based on BA Credit 1
Simulation

Omnece the amonnt of energy generaved
by the renewable syseem is ealeudaead, w
energy cost st be compured o ditablish
the BA Credir 7 level of schievement. To
assign a dollar value to the oresive enesgy;
either use local uilivy sares ve dererinine
the “virmal” energy rare by dividing the
anual energy cost for the specified firel
type by the annual energy consumiption.
for thar fuel type. Muldiply die predicted
en-site energy produced by the applicable
energy rate for this fuel type.

When caleularing the ol energ
af the Proposed Design using the Peela
mance Rating Methad, the conuibition
of any pn-site renewable or recovered
enérgy is accourmed for by deducting dhe
associated utiling costs. Iy otherwards, die
Renewable Encigy Cost s excluded i
the Proposed Building Performande

In the exampie project described i BEA
Credit 1, 20 kKW of photovolics cone
eriborte 38,245 KW {or 96,4 MBad of
energy o meet boilding elecile power
wiviizd electrle mate for
thie project s ustd for dhivexpmple and is
“&Eﬁ&;&tﬁii’h}’ dividing the annial dleceric
mﬂuw f:mi“ a;mimzﬁuﬁ for the Efr{}@med

i by the annial eleerric
i sjmuiﬁuf f‘i}kf t%}:n

regurenienes. Th

T %2’? E":WMBM,} “E%n% v:ztmi
electric rate Is then muldplied by the PV

eoptiihution of 28,245 BWhoo caloidate
th Resiewable Frieriry Cost [REC) con-
wribsion féim the PV of E2,059,

The predicted Propoged Design building
arpd ene cst f}rf«:z“ to thic onergy
cost eflser b}f ehe PV, is 85,669, Dividing

the REC by the building snnal erergy
enst vields shi Percent Renevable Bnergy
(3,19 which qualifiss the project for one

point under EA Credir 2.

Cilculation based on CBECS Data

¥ no energy perfogrmance ealcitlation has
been performed for the projecy CBHECS
diven can e used fo descemiae the anoual
grengy comsEmption nensites OWh/a2
and dicems/2) bused o i‘mﬁd;rw type.
The ol esemsared i?ﬁ oy chansTmp
ton for the projecr & then clculued
by muliplving the engtey consutnption
intensitiey by the roral bmhmw ared.
Buitding Annual Energy Cost is then
caleulated by summing the product of
the enprpy consumption and average
cost for elecrricity and nararal gas, whese
the average eleciricity and dapural gas
eosts are deterimined based off BIA 2003
commercial sector raws f"@?’. the state the
birilding is locared in {see Table 5). The
Renewable hﬁlﬁ‘i‘i‘*}" Cost (RECH is calen-
kired by muldplying the rehewahle crergy
contribution by i‘f}"{l?ﬁl the: focal urility
este or the ETA 2005 dvenpe ety cost
fior the renewable fivel oype. Dividing the
REC by the Building Anpual BrEtLY oSt
yields the Percent Rerewalide Enesgy.

Example B& Credit 2 Caloudation
based on CBECS Data

For example, ifa project is 2 1000000
sep.fr. otfice building v Wew York, de-
termine how mueh renewable energy s
required 1o meet the requiremenss of EA
Credit 2 by using "Hables 4 and'5 above
to find the delaale énetgy consumprion
ientensity for office bulldings and energy
costs for New York State.

Credit 2
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Diefanlt Annual Electvical Costs
1,600,000 11,7 kKWh/ sty 1115/
WWh = $1,302,210/yr

{Iﬁei’;mlg_.ﬁjmml Fael Costa

L 006,000 sEx 58 3kBrufst-yr « $0.00895/
W = $521,785/yr

Drefunfe Total Afinual Bnergy Costs

$1,302,218fyr + $5321.788)yr =
1,825,995/ vr ‘

This project would riced w meer 2.5% of
igs annual energy costs ($45,600) with e
newzble energy systems wearn one polnt
under EA Credit 2. The projece plans o
instail 2 300-kW PV system char is pre-
dicred o produce 450,000 KR v Using
the defiult costofelectriciny for New York
Seate in Table 5 ($0.1113/00Wh) this sys-
tein will provide 350085 efelectriclty
or 2.7%~—enough for ong polar under
EA Crediv 2,

Exemplary Performance

An innovation in design poing for exem-
plary pecformance may be avadlable when
the next incremental perceniage threshold
is achieved. For orv-site renewable enerey,
the % of renewable encrgy musthie 17.5%
o greater.

Submittal m:zmeéétaﬁm

This credit is submitted as parc of the

Diesign Submiital.
The BEA Credis 2 Subminal Template
provides caloulations vo assise widy the
completion of this credit, The following
project detnand caleulation informadon iy
required todocument prerequisite compli-
ance nsing the v2.2 Submitral Templates:
U3 Provide ‘the On-Site Rencwable En-
ergy Source(sy used, the annual encrgy
- generated from cach source, and the
backup fuel foi esch sousce (Le.. the
fuel char is wied whety the renewable
energy soutee Is unavailable).

0 Describe the source of the annial en-
ergy cost imformation: (mmgy model
ar industry database), and provide the
appropriate energy values and costs.

Considerations

Renewable enerpy can be generared on
a building site by using technologies
chat convert energy from the suh, wind
and biomass into usable energy. Uhn-site
renewable eniergy i superior o conven-
sional energy sourees such as coaly nuclear,
oil, nanal gas and hydropower genera-
tion, beciuse of iy negligible tansporta-
den costs and. impacts, In, addition
preventitig envisoneental desadagion,
on-site use of renewalble ‘power. can jmn-
alvce reliance

prove power reliability and.
on the local power disribidon grid.

Environmental issues

Use of renewable energy reduces envi-
ronmental inpaces associated with.uriliey
energy production and nse, Thesé ipacty
include narural resoutes destruction, air
pollution and vater pollution. Ugliza-
tion of bicumass can divert @0 estimated
350 million rons &f woody construction,
demolition, zid land-clearing waste
from landBlls each, year, Conversely, atr
pollution will vcotr due to incomplets
comthustion I these wastes dre nat pro-
cessed properly.

Eronomic lssues

Use of on-site renewable encrgy technolo-
gies caiy resuft i energy cost savings, pat-
ticilarly if peak ot demand charges are
high. Uttty rebases are often avaitable o
reduce fitsccosey of renewable energy equip
mient, Tn somewseates, first costs can beoffset
by fiet meteripg, whete excess electricity is
sold buck to the udiiy. The sliabiliyy and
fiferime of PV syseems ste also impiroving.
Masnufacturers typheally guarantee chelr PV
systerns for up o 20 years,

s




Resourdes

Please see the USGBC Web sive at wwnw,
usebe denf respurcey for moie &;}u:aﬁs
resources bu featerials sousces and other

technieal information,

Welr Sites

American Wind Energy Association.
{AWEA}

WWLAWER.0Ig

(225 3833500

AWEA is a national wade associarion
representing wind power plane devel-
opers, wind turbise manufaciurers,
utilities, consultatus, insurers, Angnciers,
researchers and others involved in dhe
wind industry,

Dratabiase of State Incentbves for Beneve
able Egergy (DSIRE}

wwwiidsirensa,org

The MNorth Caroling Solar Center devel-
oped this database (o contain oll available
3?15'( 'Yﬂﬁiiﬂn O st hﬁid?i{;ic‘i :ﬁ"@fj gﬁg‘{ﬁ%ﬁ:’
vory incentives (g, tax credits, grang
and special urilivy raves) thay are dmim!&d

o promere the application of I"Méthﬁﬁ &

energy technologies. DSIRE alo of
addditional fearures such as pe yepitin
prinsing repores that dedail the incantives
o a srate-by-seate basis.

ENERGY Guide

WL L ﬁ_f@?f’uiﬁ 2, DTS

This Web site provides Information en

different power rypes;, wolading preen
power, as well as genesal informadon
on energy efficiency dnd wels for sdlecs
ing power provitders based on various
srpnonle, ﬁi‘i"@il’@ﬁéﬁ@?ﬁi@g and other

8 iiﬁff‘ ié’i«
CGireen Do Néi’:w@:ﬁﬁ
: : @f ﬁﬁéﬁg}f

wrﬁmﬁww N

WWYCoE engtihvg
The Croen Pavs widdes news

aivel Informiation o gresn power sarkets

il 2 ‘1";;1;{;%%2&%&1&& by
~Energy Labora-
ent of E‘ﬁﬁ?‘ﬂ’}f

aret rebroetonivg
the Madonal
wry for dhe UL

Na i:;%i@'mi Cieiites For Phetoveltaics
(NCPY}

sewwsrel govinopy

NCPV provides deasinghouse informa-
s of PV systeins,

sion on all sy
Natiomal Renewakle Enerpy iﬁksmamxy

www.itelgoy

The Natiomal Renewable Enecgy Labora-
wry (NREL} isa Eﬂdaﬁr in {E}a Uil I."}gpam

mﬂ? mcﬁ enndinid
Office of Enesyy Ffficiency and Renew-
able Energy ( .z%:.RiE}:

U8, Departinest of ?mrgy

WAELCRIE, SLEEEY, m&“ ‘

This Web site inc)
eypes of renewable of
and energy efficiency,

ULS. BPA Green Power Pastoership

ey shormtion an ol
iy wechnologies

wiw.cpa.govigreenpower/indey him

EPAs Green Power Parinership prov Ades
assiseance and recognition to ozfganiza-
tions thar demonstra afimrr}nmcmal
leadership by choosing green power. Iv
inchudes a buyery gitdo with Hstings of
providers of green power in each staze,

Print Medis

Hnasl anel Seiary Potver Syeverns by Mukond
Parel, CRO Press, 1999, This exe {}Ika R
s;ﬁmfmr;w bt the fumdmnental of
ients of wind and solar power genera-
o, conversionand storrs, and deteiled
infarmation abeut she désign, operation,
afrd conired nedhods o borhrstand-alone
a.s.zs;_i prid-conniced systems,

Wind Energy Comes af Ay by Paul Gipe,
John Wiley & Sons, 1995, This book pro-
vides extensive infrndarion on e wind
power industry, and 1s-one of several boaks

(85 WE
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by theauthor covering general and rechni-
cal information abour wind power.

Definitions

Biomass is plant material such as erees,
grasses and crops thay can be copverred w
heat energy o produce elecericity.

The Bnviromoental Autributes of Grean
Power include emisston reduction berefies
that result from greeri power being used
instead of copventiogsal power sources.
et Metering is 2 metering and billing ar-
rangement that allows on-site generators
to senid axcess elécericity flows w the re-
gional power grid, These clecuriciry Hows -
offset a pordon of the dectriclty Hows
draveny from che grid, Fur more informa-
tiom oft rer teteriag in iidividial stares,

wigit the DOES Green Power Nevwork

Web stee ar hapd/BNewsesore enerirnaov/

greenpowerlmarkews/netmetering shitmb.
Remewabile Energy Certificates (RECs)
are a tepresentation of the envirorimental
green powes, and are sold

artsibures of
separately fromthe elecrrons that make up
ehe glectriciey. RECs allow the purchase
of gieerr power even when the electrons
are not purchased.
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Summary of Referenced
Standards | '

There s no staidard feferenced for this
eredit.

Approach and

implementation
Relationship Between Fundamental
and Enhanced Commissioning

LEED for New Consrucdon addresses
building commissioning In two places, BA
E’;ff::{rﬁqmsim I and '&*‘2 ﬂr‘f&{fii 58 ”E.‘Zm et

ﬁ;.,?‘r:%am' g;smmsm, zi_zi{:?‘ueés g ehie étm_@
velope, Stotmiwiter mandperivn sy
water oearment sysrems, infsrmation
rechnology sysrems, etc., may be included

P ISTONOSE T

in the comumis: seid vy this

Oretner's Brimeotile
TFable: aoiidines 1 by priw
gt i

rmsg:mm'%)sc *“i? 1“’;0? o £ Cooky E;g{; g{;g
aaqmrﬁm@m; dinad e
ate cotmen T b

Credit 3. All indi

VT 1@"&&{: in tiz*:
_i§i5 as past ofa larger

Strategies

Clomntssioning is a

and tomraciors. Comp oy often.
%wgm(; at project tnception: provides on-
potng verihoation of Fachicvotaent of the
awiet’s project Feguirsmciite reguires
integration of contractor-completed

Table 40 Primary Responsibiltles Chasl for B Provoguisite L and BA Credit 3

¢ E’S?aiﬁtiiﬁ &wmﬂ‘w el ﬁ‘ffﬂ{;?“ﬁ??! §
b

Chneror Projeet Team

Dooument Owner's Project
Regulrerpents {UPE)

Oy

Desigr Teatn

Develop Basis of Deg _
Sreorporatecammissioning
s ais e n?:g irvber the construction

Proect Team or 7Y

i T Cf\‘{ﬁx .
Protect Teamvor Coh " Proeet Teatn o Gl
7 R
Yerifythe instaliat 't Tl
pﬁrmrwmm{w of. H}ﬁz?fsm%if‘ﬁz €
SRS Eoh el i - N o : .
evelop & systems manuat for the: /A . Project Team ang Gxk
rrrissioned systems. - i - : _ _
Verlfy that the requiremenis o [REJA e el
Hraining are completed _
f'f“omp ate g ‘“:vixf"f"fﬁ‘%}}*}? commissioning [ Cxh
Ehin i N/

§m<:=§’z£.z;5a.f1e substastis complet{oh

B

Credit 3
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commissioning process activities into
the construction documents; aids in

the cogrdination of static and dynamic

system testing; verthes staff rraining: and
concludes with warranty veriheation and
COMISHonIng documentation.

Thie specific tasks satisfping this LEED for
New Construction credit includes

i.

Priar to the stareofihe mmfmcﬂan
document phase, dasagnm:' e ind
pendent Commiissioning Qmihmﬁy
(CxA) to lead, veview, m&i GCEsee
the completion of all commissioning
process activities: The Gxi shall; ar
a nniodnmes, pcrfnr Tig ?;'.?ia and
6 of dhe BA Credit 3 requiremenits,
Other team members miy perforn
Tosks 4 and 5. '

The minimum deéfined experience
for the destgnated Cxfor BA Credic
5 is che same ae described for EA
Prerequisite 1. The desigh and sub-
wistal review activitles mﬂ?(i for in
EA Crediv 3 mupst be conducted by

“a third party CeA, md&p&mdum of

the Bring respobisible Tor design and
construction, oe'a qualibed member
of the Owner’s saff

The CxA shall conduct, st 2 mini-

mum, ore commissioning design
review of the Owoers Projécs Re-

quirements (OPR} Basivof _e:ssgn.

(BODH), and design dooments prior
to mid-construction documents
phase and hgﬁk—'éiﬁmk the révifgw
commentsin the subsequent design
submission.

The CaA shall review the OPR, BOD
and design documents to provide
the owner and design team with an
independent assessment of the state
of the design for the cormumissioned
systerns, Typically the-design review(s)
pz:r%mmwd by the: Cxa \mil focus on
chie tollowing issues:

L Clatity, completengss ami adeéquacy

of OPR.

“asty fssuis that mig

| P (mde a Systems: Magwal i iy
w; th@ C}& M‘I&{Ean_uaig su%;rmrt ; b;;}* {;hc

W Verifying alf issues discusséd in OPR
are addressed adequately in BOD
U Reviewing design docomenes for
achieving the OPR and BOLD} and
coordination of commissioned
systems

Additional reviews b}? the C xA
throughout the design: apd mmm e
ton process may bc_f: _agﬁvs@ﬂ:ﬁiﬁ ;md
approptiate i:icrp&nﬁiiiv i, 4
duration, phasing, mmpﬁ i
LS FeqUiFCeents,

The (Zxﬁ shaﬁ Foview mmmcmr suh~

and sobmitied o
and the Orivner

The CiA shall provide:
contractor submirtal

iy reswark andior dig ‘m ofders. The
CxA should spn:mﬁa,ai ¥ évaluase the
subimitals for _

O Meeting the OPRand BOD

& Operation and maintenance
requiFements

0¥ Facilivating perfﬂymmm tcaﬁmg

The Cieh review of wﬂ-rmc,mr:s,ﬁxim*;iz»
wls does o, w}ﬂmliy, githsris

alter the sops o raagmmﬂ}ﬁﬁy of thcf

design reamn's obligatans o approve

or reject subiniteals,

BDevelop a systams manial that
provides future operating staff the
information needed to understand
and eptimally eparate the wmmm»
sioned systems.

aeldition

the interactions besween éguipiment,




The Svsrems Manusl shall include

the following foreach compiissioned

system:

1 Finalversion of the BOD

£ System single fine dugrime

L As-butlt seguences of operatons,
coneeol drawings and original see-
poIn

L Operating instructions for ince-
grated building sysiems

3 Recommended sehedule of muinire-
nance requirements and freqhency,
if notalready inchuded in the proj-
cor OB manusly

A Rezommended schedule for retese
ing of commissioned systerss v
bbank eest forems from the origioad
Commissioning Plan

3 Becommend schedube for calibras-
ing sensors and acieators

Werify that the requirements for

training eperating. persotmnel and
building sccupants are complered.
Based on rhe parvienlar project,
cstablish and docoment training ex-
pectations and needs with the Owner.

Ensure that operations stafl and
occapants receive this training and
orientstion, Pay pardeulai attention vo
new ot uneomrgon sustainable design
featuires thar m ay have & povenitial v g
ewret-ridelen or removed beoagse of a
lack ofu m‘f{:}f‘;mmﬁﬁg Docunreny thag

the training was corplered according
ro thie contract doctments.

Assure the invelvement by the Cx4
in- reviewing building aperation
within 10 months after substandial
completion with Q&M staff and
oteupants, Indude o plan for reso-
hution of eutstanding cominission-
ing-rebued issues.

The CeA should coordinare with the
Crmer and she Q&M stall to review
the faciliey and its perfartance 8 o
16 mpnths afrer handover of the fa-

v, Any sumsiznding tonstriiction
cheleneies af dehiciendies identified
Bis post-aecupn.y review should
be dostmeptsd dnd dorrected under
rr TS O CORERICEOr wWarranties.

The CxA review-of the building op-
eration with oueraions sl and oc-
cupnints should identify any problems
i aperating the bullding as eriginally
mumdm! At-“r-&f significant issties iden-
tified by vhe CxA shar will not be
copttected should be reconded in the
- systems gianial,

Caleufations
There are no caleulasions dssociated with
this credit

Exemplary Pesformance

There is no exemplane pesformance poin
available for this credit.

Y W e s o
Subimittal Documentation
This credin is submiteed as pane of the
Constraction Subsiital. )
The following project data and calenla-
don information s reguired to dociument
crediz complianee using the v2.2 Submit-
tal Templates: '
W Provide the name, firntand experience
information forthe CxA
G Confiem that thie & required tasks have
been, complefed

L3 Provide o naer

;ﬂi&"&? éc&az;,unﬁ ol the
f"&?“ﬁ"‘; (:FP Lk Ei‘;‘?&ﬂﬁﬂia {%t*igﬁrﬁ
review, impimm 1 @f-ihe sysieins

ranual anid vaaing, and the plae for
dm regigw ol buildiig epération as 8
o W months.

Considerations
Crsst lsnaes

An effective commissioaing process
will typically resule in incressed. project.

LEED for Mew Construckion Version 2.2
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soft costs and may require addivienal
schediding for commissioning activides.
This tvestment is generally recouped in
improved design and consuuction o~
erdination, reduced change-orders, and
reduced operating costs,

Facilities that do rot péeform as iended
may consumme signifivandy more resources
over the useful life of che building. Com-
missloning can. minimize the segacive
environmental impacts buildings bave on
o environment by helping verify dha
buildings are designed, construcred, and
operated as intended and n accordance
with the owner's project requirements.

Building occupant comfort and indoor
air quality may have wemendous innpacr
wa occupant productivity, healih and
well-being, as well as the cost of owner-
ship., Commisioning cad significandy
reduce topairs, constracdon change or-
ders, energy costs, and matnrenance and
QPeration Coss.

Besources

Please see the USGBC Web size at www,
usghe.orglresousces for move specific
resourees onordtdrials sources shd other
technicd] informarion.

See the Resources secrion of EA Prefegui-
site 1 for 2 list of speeific comanissioning
FESTRLICES,

L. "ﬁ‘
Definitions
Basis of Design inchudes all informa-
tion necessary to accomplish the ovwners
project veguiremuents, including weather

sdara, mrerior envizenmental oriveria,

other pertinent design assumptions, cost
goals, and references w apphicable codes,
standards, fegulations and guidelines.

Commissioning is the process of verily-

ing and documenting that the Gicilivy
and all of its systems and assemblies are
planried, desigred, installed, vested, oper-

ated, and maiatsined to meetthe Gwners .
Project Requirements.

Commisstoning Plan is 2 document
that oulines the organization; schedule,
allocation of resources, and documenta-
rion requiremenns of the Commissoning
Process,

Commissioning Report is the document
that records the resulis of the commis.
sioning process, inchidiy che as-buil
performance of the HVAC sysvemn and
unresolved issues.

Commissioning Specification is the
contract document thar dewils the cerm-
missioning rﬁqnémmerim of the canstrac-
LT, COnTRctors,

Instaltation Inspection is the processaf
mspecting components of the com
sioned systems o determine 1 they are
installed properdy and ready for systems
performance westing,

Orwaer’s Project Requivements w a
writtens document shar deralls. the Bunc-
tional requirements of & project and the
expectations of bow it will be used and
operased. 4
System Performance Testing is the
pracess of determining the ability of the
comutisstoned systems wo pérform in ac-
cordance with the owner’s project require-
ments, basis.of design, and: construciion
documents. o
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Summary of Referenced
Standard

There is no svindad réferenced for this
credit

Approach and

mplementation

Most commonly used wefrigetanss con-

rained in buildiog HVAC and refeig-

ceation cguipment dr¢ stable chiemival

compounds thar, when released to the

environiment, result in dafage to the

atrnosphere by the tollowing:

€1 Connibuding: to deterioraton of the
Farhs pmm{:ﬁiw azone layer (Uzovie
Depletion)

L Conuiburing greenhouse gases o the
armosphere (Global Warming)
Building HYAC&R systems also con-
weibute w' global warming through thels
associated energy consumprion and
power plant emissions of greembiouse
gases. Over the life of the equipment,
the “indirect” global warming mapact
of HVACER equipment may fre much
%mm&; than the direct npact of tc,,}ms«
the refrigerant o the avmesph
T §;€3 indirect global warming ;rf:]wmﬁ f}§
refrigerants in HYACETR equiprieat i
acddressed by BA Credit 1, which credins
the energy savipgs associated with moee
energy efficient equipment. BA Credie
4 addresses only the direst asmospheric
rand sefection and mai-

irmpact of ref
agericit dee
] {aiek orpniected o
eni, Bave the
the required
§m‘£u’ shoving

eRdi m
gi};ir u g

vy

» potential
rang se o6 the
SRR TIMSE T '

Do Mot Use Refrigerants
Gi‘iﬁﬁi“ Eﬁ"u d““i‘* desions that avoid
(Df 'iiL %&&‘dﬁf"s“}‘b rE sprinating
pUTCoTpression FIVAL
have o pmmmﬁ fordem

profects that fin m‘a b Ri riCrEnts are
awarded this LEELY credit with no calou-
lations or wiabysis required. Por example,
a aawurally ventilated building with no
active cooling systens (and the
wetiiperanis} is awarded thiz oredi.

SOTE 110

“Marural refrigerants” including wares,
carbon dioxide, and am iy ate wsed
i some HVACER, sypiverns. T hese natu-
sally ocenredng sora g:}am%% rierally buve
much lower porentisl for gtmz}sphsﬁfm
damage than more commen: manuh
tred chemical refrigeranw. Projects thar
employ natural refrigerants are cligible
for this credit,

Select Refrigerants with Low ODP
and GWP

Table 1 shows the Ozane Depleting Po-
vestial (OEYP) anid divere E;}iaiﬁézi Warm-
ing; Potential (GWP) of muny common
redrigerants.

The LEED Technical and Sci
Commitee (TSAC) réport tharprovides
the hasis of dus LERFY dredi potes the
foltowing:

e opone- dépknm iy ol (O
of the HOE {sr’”w HMOPC173, MOPFC-
22¥is i’a;uch srmallor thin the QI of the
CPCs, but s not ﬂ.if“izéi\‘f\:!}-f\, ba conrast,
the HFCs {es, HPRC340 FIFO-610g)
have an ODP that i essenally zers, bat
their global warming-porenusl (GWDP)
is substantilly greaver than same of the
HOPCs, leading o adivec global waera-
ing prechanismahen the compound leaks
inte the dtmoiphere. Moreover, thes-
modynaniic properies o the HEFCs
wgm v less efficiens reraits than

the BORCs gven Idealived eguipment
design, so the sae dinount of douling
gy rerjuire mote clectricity and chereby

LFED for Mew Construction Yersion 2.2
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Table 1 Ozone-depietion and global-warming potentials ofsfrigaronts {100t walires)

Chlorofloorocarbons i ‘ _
CFe-11 10 4680 | Centrifugal chillers ?
CEEAY b10 io720 Refrigerators, chilters

CFC-134 o84 ] 9800 Centrifugal chillers

CFC-500 0605 7,900 Centrifgal chillers, hunnidifisrs
CEC-502 o 4,606 ‘tow-temperature tefrigeration
Hydrochiproflucrecarbons _ . _ - .

HCFC-22 0,04 1,780 Al canditioning, chilters,

HCFC-123 0.0 76 CFC-13 replacement
Hydrafluorocarbons - .

HEC-23 _ J ~0 1 12,740 Liitra- an«iam;:a&ratma reﬁeg{ewi:@ﬁ
HFC-1348 b0 1300 CRE-12 or HCFC-22 Yeplarement
HFC-245fa LM b 1020 thsulation agent, centrifugal chillers:
HFC-4044 _ ;g | 3500 Low-temperature refrigeration
HFL-407C ' Cov0 | o700 HCFC-22 replacemant

HFC-AT0A g LR9O | Aircondifibning

HEC-S0TA, v 3,900 Low-temperalure refrigeration
Matural Eefr;gmams | j N

{Carbon Dioxide (C02) oo o

Ammmonia {MH3} @ a

Prapane 0 3

causes the indirecr release of miore CO, in
generating thar eleciricioy. The dilemma,
therefore, is that some refrigerants cause
mare ozone depletion than others, bue
the most ozone-friendly refrigerants canse
more global warming,”

Refrigorants with non-were ODP are being
phased aut according to an international
agreement—the Mongreal Protocol. In
L&nmrdmw with the Montsal Protocol,

all’ chiosinated refrigerants including
CPCs and HCFCewill bé phased outhy
the year 2030,

In the meantime, selecting the appro-
priate vefrigerant for ary given project
and. FIVAC svstern may be impacted by
available equipment, energy-efficiency,
budget, and other factass. Whete viable
options are available, projects should

* select refrigerants with no on very lintle

CDP ard minimad GWI

Minimize Refriperant Leakage
Refrigeranty cannot e;iaxmuge't?zc AErRO~
sphare if the}f dre contaived and are ntver
seleased 1o the environment, Unforgnatis-
by, irs peal world applicadons, some or all
refigerant provided for HVAUSR equiip-
ment i leaked wo'the environment during
installation. opération; servicing, and/or
decomumissioning of the équipment.
Under Section 608 of the Clean Alr Act
of 1990, the EPA has estabilished deguda-
tions that—

0 Reguire service practices that maxi-
mize recycling of ozone-depleting
‘compounds (both CPCsand HCFCs)
during the servicing and disposid of
airsconditioning and refrigetation

- eguipment.

U Set certification requirements for

recyeling dnd recovery equipmert,
wechnicians, and reclaimers and reserict
the sale of reftigerant © unceriifisd
techoicians




T3 Require persons sevicing pe d
of alrcondidoning dnd n
eqpuiprnent & cortily w BPA ¢

have ﬁcq;zi?ﬁ:ﬁd -}:%i;‘ﬁ?}mﬁi: & ot regovery

equipment and are complying with
che requiremients of the rele. :

st they

3 Require the repair of substancial feaks
in air-conditioning and refrigeration
equipment with a chasge of greater
than 30 pounds, _

£ Eaablish wfe disposal requirernents
o ensure temoval of refrigerants fom
gooads that enrer the waste streamy wich
the chare intact leg, motor wehicle
air conditioners, home refrigéracors,

ared revon i conditionersh
L1 Prohibivs individuals from fnewingly
venting ozone-deplering compounds
{generally CFCs and HUFCs) used
as refrigerants into the atmesphere
while mainwining, servicing, repaie-
ing, ar disposing of air-condiioning or
retrigeration equipment {apphiances),
Federal regulation and hest praceives for
cefrigerant mavagement and eduipment
tenance can minimize the o of
refrigerant fo the avmosphere. Manidac.
riers may offer leakage mie puasinrees
for certain wpes of major HVACER
equipment {such a5 chillers) as pare of 2
fong-term service Contract.

mai

Most rebrigerant loss to the environmeny
aoeses dus o underpered leaks Ity outdooy
equipment and/or refiigerans loss duning

the installatton, charging, servicing, o

y ot g N

decoms

Setect Eguipment with Efficient
Refrigerant Charge

Reftiperant chaige iz the vatfo of refiig-
erant required (ths) to cosling capac-
ity provided frons) for & given pieee of
FIVACKR equipment. Eyuipment that
uses refrigonne efficlenty snd thesefore
hag bowr refrigerant dharge has less porenial
0 COnTHbIE 10 ammsgié'afia ﬁ‘aaz‘ﬁ:&gé:,

Table 2, below, shows the maximum
refrigerant charge fof any sngle unis of
etpipment that would cefply with this
credit for various common refrigerants
and types of equipment. Most projects
have mudriple unit of base building
HVACSR equipment, bav if each unit
is compliant with the mble below, the
project as a whaole will camply with chis
crpdin, Ln the table below the ealenlations
assume char refrigerant lenkage default
factors ae used.

Select Equipment with Long Service
Life |

HVACEE service equaiprent with long
service life will generally reduce the po-
sential amount of reftigeran leaked o the
environment shce a signibicant portion
of reftigerant loss ocours duding instal-
lation and decommissioning of squip-
ment. The 2003 ASHRAE Applications
Handbook provides pendeal data on dhe
typical service hife of different types of

et

T S Yearite | Z0eni e

T vear it

frig {Cantrifugal,

Roomeor 1 {Unitary, split {Recinrooat i
CWindow ML& | and paciaged compresstrs | Sere B
AL and et 8 chillers) Apsorption
e tiRY Chiliers)
Sl 0.71
254 310
126 4.2
! 1485 . 2481
176 217

LEED for New Construction Verslom 2.2
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HVAC equipment:

4 Window air-condidiontog units and
hiear puimps — 10 years

G Unieary, spliv and puckaged air-
conditioning units and heay pumps
- 15 years

{ Reciprocating compressors and recip-
rocating chillers — 20 years

& Centrifugal and absorption chillers
- 23 years

Buse Bullding HVACRR Eguipment
Base building BVACER cguipment
includes any equipment permanently
installed in the bailding that contains
mote than 0.5 Ibs of refrigerant. This
inchudes chillevs, uniary (split and
paciaged) HVAC equipment, room of
witwdow air-conditioners, computer room
ait condizioning (CRACY unics, data and
welecommunications reom mﬁ}ling URELS,
and cormmiercial refrigeration equipment.
Pareable cooling equipment (such as
standlard. refrigerators), temporary cool-
ifg equipment, and equipmer

chiany 0.5 Ths of refrigerant (sucly as sinall

water coolers) may be excloded frony dhe

calouladons for this credic,

Calculations _

To complere the calaudations o demen-

strate compliunce with this credit,. the

Following information will be required

for each unit of base building HVAC&ER

CEUIpIment:

Uk Refrigerant charge, (Re) in Ibs of re-
frigerant. per tow of Gross AR] razed
cooling capacity

U Refrigerant cype (used 1o determine
O and GWPry

o Eqmpmﬁnt type {used wo deﬁs:mme

Life}
Table L includes ODPrand GWPrvalues
for many common tefrigeranes, These
values should be used in the calcilations
assoctaed wich dhisoredit,

of equipnent |

Equipment Life shall _bﬁi.ﬁsﬁéxﬁmed {-a;:é
excerpted from 2003 ASHRAE Applica-
tiong Handbook) to be the following:

LY Window air-conditioning units and
heat pusmps — 10 years

G Unirary, splic and packaged aip-con-
ditiening units and heat pumps - 18
yoars

O Hecprocating compressors and recip-
rocating chillers - 20 years

O Centrifugal and. absar prion chillers
- 23 years

All other HVACER equipmerit will he
assumed to have a life of 15 yeats: f’&p~
plicants may-use an alfemate’
Equipment Life if they d{,m{smuate
and documeng farmagion i support
of their e,ia.;m,.}*ﬁr exaraple 1 1§‘mm is &
manufacturer’s ﬂuai‘aai_ fiel.
serVice contradt a
a chiller fnsn

1& .e.e& ‘{i

1 be ;.xm‘d- ik _::53.53.
caleilations for that unit of equipiient.

Refrigerant Leakage Rate (Li} is assumsd

to be 29/yr for all equipment rypes. End-

ofJife Refrigerant Loss (M) Is assursed o

be 10% for ail equipment wes. Applicants

may use alernae valoes for Lr and Me if
they demonstrate wond documentinforma-
den in support of thel Hlaiim, such as—

3 Manufacturers’ estdata forrefrigerant
Jeakage vates (Yohvk;

Lt Refrigerant leak dergetion equipment
it the room where the equipment is
foemred; _

Ul A preventative maintenanee. program
for minimizing equipment refrigeant
leakage; and

G A program forrecovering and recycling
refrigerantar the end of the equipnrent
iif ﬁzwd& )

Projects may npot claim zero ieakaga aver
the [ifecycle le of the HVACER equipment
installed in the project.
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L Lifecyele Oone Depl 'i%{:‘m Poteseial
d{j{ S = @Bi} w i }ﬂ Lile shin)

¥ BeldLife

3 Lifecycle Direct Global Warming
Porential (LOGWP) = [GHPrx (Lrx
Lifé « M) x Rel/Life

H there ts only one plece of base bulld-

ing HVACKR equipmens, the following

egmation shall be used o demonstrare

complianee with this LEEEY eredins

Refiigerans Armosphieric lnpacr= LOGWP

+ LOODE x 107 < 100

If there are mindtiple preces of base bandd-

ing HVACKR equipment, the projeo

should use o weighted average of all
equipiment, based on Gress ARL rared
cooding capacipy:

O Average Refrigerant Acmps;
Tepact = [ (LOGWP + LEODT
Py« Quniie 1) Qroal = B0

Where

0 Quuit = Gross ARD meed cooling

apacity of an individual HVAC or

refrigeration unit (tons}

Hhpric

£ Quotal = Toral Gross ARY mied conling

capaeity of all HVAC or refsigeration

Vi

Theee examples of projeces aré sho
betowe In two of these examples the

| ErammgteCalutation 5o Schord Clatsrooen Rutlding

s the ol ik

olfize buildin
ali project comp
sl mﬂwﬁ ii"}i éx«;;%«

PRI VRS

hm ﬁwg fm':“mﬁ} ‘dm;x st mmgy&iy wszﬁ
EA Credit 4, :

Example Caleulation 1-~School

Clasgroom Bilding :

(3 (E2) Foton packaged HVAC units with
HEC-418A for clasvdiomns

W (1) 2-ton sphic systeny, VRO upits
with %Kﬁ“f 22 for w dia rodim

D (1) beron windew HVAC unic with
FICFEC22 foran office

Example Caleulation 2~ Cifice

Bullding.

LY (1) 500-ton centrifuzad chiller with
HFC-] 3da-—provided with manufic-
suirers data and Seivice contiact guaran-
tweing less than | % per year Jeakage

CF {1 S0-to0 reciprdcating” pimf,r “ehiller
with B(“PC\“?}E

Lk (5} H-won CORIpLEEE o abr catdi-
doning waits with HICFC.22

Exampie Calculation 3--Hotel

(3 é(%ﬂ mn Cefitr Lﬁzgsf whitfers with
HOFC-

o i}%@ﬁ-ufiﬁ}%i acmzmu
wompressor rack wigh HE

%g,étmaém}-

Credit 4

S Cmplts S Eabladons o o
S Qunit | Refrigerant GWEr  ODPr L RHE L b iﬂﬁ‘éﬁz‘? LWODP L Refrigerant {LCGWP +
Clopsbin ; ! ! {bf sk T 1 ¥ 300 Rbmespheris | HIODP g
AT |GG npacts=| 107 wix
[oger s ECCWP & | it
f m{?&@“x :
R410z 1,850 150 2% 10% |0 40w - 9072 %’? ;
“““ LI 15 10% 0 4% | 1566 5086
3,780 30 3 30%:; 32 - 3643
| i : %G%éiﬁﬁaéz-%
L | |

_' ‘: %f&mge Refrigerant Atmospheric impact = f E fﬁ:{;WF * E;i;{f}{}? % }.63":%} x@s.%mi i %’E}te;zf:;&

83,

EEED f‘cs Blew Constraction Version 2.2
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3 (12) 2-ton telephone/data room splic
system cooling unies with HCPC-22

Exemplary Performance
Thete is no exemplary performance point
agvailable For chis credin,

Submittal Documentation
This credi is submireéd as part of the
Diestgn Sabunitsal.

The following project dara and calevla-
tion information is required 1o dogument
credit compliance using the v2.2 Submi-
ral Templates:

3 foter inte the templave the HVACER

L Provide a narrative deseribing any
special clrcumstances or caleulation
explanations.

Considerations
LEED TSAC smakes the Faﬁuwmg aibre

e VAT

“An objective scientific analydis of tade-
off between global warming and ozone
depletion is extremely complex; and will
anly comie from a full wnderstanding of
all interacting parhveays and the dffects
on economic activites, homan health,
and terrestrial and oceanic eoosysems,

Any quantitative credit scheme acld
bath must involve some sibjeat

equipment types, ncluding hambes, larive weight given to cach issuie:”
size (rons), refrigeiant, and wefrigérant '
chiarge.
Exemyple Caloulation 2 Office Bullding
inputs. Ca«%w‘ia’mn -
b Qunit | Refrigerant GWPr !ﬁi}?r, : _ : T WKSWP Loonp "=ﬁafmgeraa€ fLCRWE
{Nurviber, {Tons} ! e §iyes) ot Y () Total [ (GYWPr x wI6° Alinespheiic | LEODF
of Units) ; Vot teakage | TrxRel/ 100,000x fenpact = IR
‘ : | . Thrx tife tife | OB % LCGWE Tt
! ! + Mr} 1w Rl LoD
| ' L _ Ml o ML
i1 500 | Ri34a 1,320 O 2zl 23:i%030% ak. 378 | O 39| 18839
1 5o R22 L7800 D04 ) 2 0 B0 B I0%. | 50% | - 935 2 2031 15373
5§ 10 R22 CLYBO O 004 | 24 0 &5 20 80%1 0 40% | 1139 256 | - 3EB.9T 1849
Crotal: | 600 | ; Do - | Subtotal:] 52608
tons _ b I N ”
| ) Avetage Refrigerant Atmospheric tmpact = | § (LCGWP + LCODP x 105] x Qunit ] / Ototal : ar.7

Exmmple Catculation B Hotel

e éefséga-ran& A : Tri LIGWP LCODP | “Refdigerant’ - (ECQWP "
{Number {T{ms {87k (yrs} (%} JaRES: Totat (GWPT‘A; r I | Mtmospherls | CLIOBF x
of Unites) | g | Leahage |t TraRedf } 100000% | - impact=| TR M X
; {lrxtife life,  (ODPr | LCLWR it

[ i i =M FrxRelf | LEonk

| . - ufe| 18R]
3 409 RE23 76| 002 1163 | 23 |9%|10%| - 56% 2.016209 |79.37391 | 824 988681
1 ap | R27 1,780 | 004 | 2% 20 3% 10% .  50% | 9345 230 . 30850 1213807
12 2 a2 L7800 004 | 23| 13 R%.130% A0% [1A7 1467 A30.6667 &?‘?;'3-_'_ Lies75
Qiotal: 1264 | ‘ s Subtotah 122473666

tons | | I | e

Average Refrigerant Atmasphieric impact = [ T {LCOWP ¢ LCODP % 16% xQunit | / Ototal : 96.9|

5.5 Green Building Councit
T



Befrigerant mapagement to mbilniize
the negarive Impacts of sefrizorant ase
orr omeae depletion and global warm-
ing is dependant on several factors thae

W Designing buildings that do ot rely
on chemical vefrigeranes

LI Desgning HVACER cquipment thax
uses encrgy efficiently;

L Selecting refrigevants with tero or low

Y0P and mintmal direcr G amd
G Maintainbag HVACER eguipment
o reduce vefrigerany leakage ro the
SITVITENTICRL.

Resouirces

Please see the USGBC Web sire at www
useheorefresources for micks agfam; 3t
resovices on marerialy sonrces and asiwz
vechnionl informarion.

Wab Sites

BP&s Significant New Altermatives
Policy (SNAP)

wwerenagovimonelsnandindee hionl

SNAP is an EPA program w identify al-
ternatives 1o ozone-depledig substinces.
The program mairieains np- mwdzs te ligey of
environmentally fiendly substinures for
refiigeration and alr conditdonbng equip-
roent, solvens, file suppression syitems,
suthesives, coarings and ather substances.

Seravospheric Grone Protection: Mav-
tng vo Alternative Refeigerames

i fes epn ol programicpaoigs/vaid
altrefighiml '

This EPA desumens nchudes 10 case
histories on buildings thay have been
converied to accommodae non-CEC
refrigerants,

Print Miedia

The Teearment by LEEDY of the Environ-
srieal Tmpacr of HVAL Refrigeranss

U8, Green: Building Counel
wwse usgbe. orpfIiisplayPage,
s EIAST

{2003 8240

e

sices of the LS. = : 'mc €,z>_um§1 s
LEED Technical md Sﬁwﬁ_iﬁﬁ{; Advisory
Coarimsisees {178, ﬁi\(}‘}\} . TIRE TG A
chiarge giver, FED Steering
Daenenivees to rev }ggﬁmﬁa et
virgrmenial inge o the use
of haloearbuns as reddgerains in building
heatlng, veniilating, and alrcondidioning
(HVAL) equipnient.

Building Systems Analysis & Retrofic

%ff‘mu(ﬁ% f}“’si ACHA, 1995,

This manual provides an overview of

a number of wpics wladng w HVAC
sirotins, including ohergy management
retrofits and CPOMHCPC retrofits.

CHCs, HOFC and Halons: Frok
andt Praceical Guidancs on Substances thar
Dieplete the Ouone Laver, CHBSE, 2000,

This bookder provides background infor-
mtion on the environmmenesl Bsues as-
sociared with CFCs, MOFCs, ad halong,
design guidance, and stramgies for refriger-
anr contaimnent and leak detection.

siowal

The Refrigerant Manuzl Mapaging dhe
Phase-Ulur of CFCe BOMA Incerna-
fonal, 1995,

This munual gives an everview of the
phase-our of CFCe, incuding nforme-
tion on fetaining axisting equipmeny,
receohieting exlssing equipament, of replag-
i expriproent,

Behnitions

Chloroffuorosadbons (CFUY are By-
drscasbons that deplete thE sefgrospheric
e lapern

Halons sre subsmances uted in fisd s~

pression systents and Bre exting
butldings. These substances deplete the

seratospheric onone layer.

LEED for Mew CorstructionVarsion 2.2

ARG



56 WET MR EO
Credit 4

(LS Green Building Council

226

Hydrochlorsfluorocarbons (HCPFCs)
are refrigerants wsed i building equip-
ment thar deplete the stratospharic bzone

fayer, but w a lesser exrent than CFCs,

Hydrofluorocarbons (HFCs) are re-
Frigesants that do not deplete the strato-
spheric aroné layer. However, some FE %
have bigh global warming potential and,
thus, are not environsmentally benign.

Refrigerants are the working fluids of
refrigeration cytles that absorb hear frony
a veservolr at low femperamures and rejecs
heat ar higher remperatuies.
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|parameters of the sysiemis)

: m' sub-meters,

Summary of Referenced
Standard

[uternational Performance Measure-
seent & Verification Protecgl (FPMVP)
Volumie I Concepts and Options for
Dreteimining Encrgy fmvmgs 0 Mew
Copstyuetion, April, 2003,

www.evo-world oreftpmvabp

Efficienicy Vahustion Organizativin { VO
Inc. ise ponprofis organization whese vi-
sion. i a global matkerplace thas properdy
values energy and water efheieney.

IPRVE Volume T provides a mﬁciéa

descriprion of hest-practice eechnigues

for verifying the energy performance of
new construction projects. Chapter 2
deseribes. the process for developing the
theoretical Baseline for new conigtruerion
projecrs and provides sxamples of relevane
applicarions. Chaprer 3 describes the basic
eoneepts and structare of th b
Chapter 4 describes spesihe M 82V Wech-
ods for Energy Conservation Measure
Iselarion (Option B and Whole Beilding
Calibeated Strmularion € f;?!p*sim@ o,

Anproach and
iw: .§E§'¥i&ﬁ’m§§ﬁﬁ

he IPNVVEP Volume 111 presenas four
u;m iong for new comstruction MEEV. OF

Table 3 Office E«luﬁdmg;

these, C};ﬂiiii’l% B and I are deerned to be
suirablefor thi purposes of LEED MEV
(sec Table 1). _

Oprion B (EGM Isolation) addeesses
M8V ar the system or BOM level. This
approach is saltable for smaller-andfor
simpler buildings that may be appropri-
ately monitored, by igoluting the main
cnerpy systems and applying Opton B
tor each on an individual basis, Projects
following Option B may also need 1o
implement whoelebuildisg metering
and rracking to satisfy the intent of this
credit,

Option [ (Whele Emid g Calibrated
Sirnulation, Smrmgs hstxmmﬁmn} ad-
dresses MV at the ‘whole-building
level. This appreach is most suitable for
buildings with & Targe umber of ECMs
or systems thar are interactive, or where
the building desigr'is integrated and
holistie, rendering jsolation and M8V
of individual BCMs impractical or inap-
prapriate, It cssentially ﬁ#ﬁgi,ﬁ'ﬂf&‘ mm:p:u#}f
ing the actoal energy wse of the building
and fts systenms with the performance
predicred by a calibrated computer model
(presumably created from the comptes
modets used for BA Credit 1 Option
1}, Calibration is achieved by adjusiing
the as-built stmilation to reflect acnual
aperating conditlonsand parameters. To

(B ECH tsodation

Savings are determined by
full meatirementof the
eriergy Useand opétating

m;mm baseline enefgy use
is determined by cilcalating
the hypothetical engrgy
performanee of the baseling

Yariablespeeg:
Tar motor Elec :
migasured on g continuous
basis throughout the MEY

siystem level by mebsuring
engrgy use gt main meters

o which an BECMwas systern under measured peflod.

apphiad; separate fiomthe - postconstruction cpefaimg

st of the faciligp,. . vanditions, . -
Savings arg determined #t Pm;ez:teri baseline: ﬁamft‘gy use Sa&ingg-éiétgmﬁinaﬁﬁn: for
thewhele-building ov is determingd by eneigy the purposesol a new '

simulation of the baseline
dnderthe post-congtruction
operating zonditions.

buliding Performance
Contract, with the local
energy cods defining the
baseline,




determisie enesgy savings, similar calibia-
tiens of adjustme nsshenld be applied o
the Bageline Butlding stenulation.

Optton [ séives twor prirposes:

G Cadibeation of the astbidle simudation
model o acual enetgy wse meveals
ECM design or operational underper-
farmarice,

O Adjusting the Baseline slmularion
allows meaningful performance conme
parisons and the derermimation of
verifled savings.

The IPMYE is noc prescriptive regasding

the application of M&V aptions; big in-

stead defess ro the professioial fidgrment
of the implernentes(s) w apply the oprions

i a manner that 8 appropriaie o the

project scale while seill meeting the ME&YV

phiective (see Econormic lssues below),

IPMVP Vol. [H provides specific roquire-
ments for the M&V Plan. In general the
plan identibes the M&V opuionds) o be
apphied, defines the Baseline or how it
will be derermined, identifies merering
requirements, and outlines specibe meth-
odologies associared with implementing,
the M&V Plan. Responsibility for dhe de-
sign, coprdination, and flﬁ‘ipkﬁmeﬁmiti}:m
of the M&V Plan should restde sith one
enrity of the design team, The ;&&mm{%
;mpﬂmmic for energy engineering snd
analysis is usualby best-suited for diis tole,
alehiough, thivd-party verificarion may be
appropriate in some cases. Sirice the pur-
suivof chis ceediv is lagely af soted by the
option sclésted a;&maw EA Cediv't,
hL E’f%ﬁ,}lih vary, For EA
s defined

1! CREVET,

Py

dier ’”{ ?’;Uﬁ TN 4} m:.
i allases tor project dhee

dcgofthe Designand/or

"z;.f‘_m:é‘g}?‘ g.f!'n YRS

its systems. Por Option B diis can be ac-
complished through computer modeling
or engliicering dnalysis for smple build-
s OF SYSIEI,

whodd shonld

The start of the B
oecur after o
reastimalble de
eratinsal s

panicy aiid op-

After the MEV peilod bas beert cori-
pleted (after at least one year of stable
and optimized operationt long terin
MEV can be cconomicalli impleniented.
Essentially, the one year of stable post-
construction aperation bectimes the Base
Year against which subsequent energy
performance is compared by applying
operational adiustoients.and regression
analysis. Refer to JPMVE Velume 1
which focuses o the pertibent methods
of MAY, for further mitdrasn

Caleulations

IPMVD Volume 1 provides fundameneal
calerdasion fornsitdae as well as quantita-
tive gridelines tor crvor estimation and
rolerance for various ME&Y options.

Exaemplary Performiance

Therets no axem;ﬁai}f peeliitnarce point
available for this credin

Submittal Documentation
Thity credit is subilbied as pare of e
Construction Submidal.

The followisg proje and caloala-
son information is, 1o dosurrent
credlit compiiance Lzmwa l'd 1?2 2 Submbt-
wal Templates:

Ot Confim tie IPMVP &}ptzen pursued
by the projest.

Q Upload a copy Hthe MEV Plag,

LY Proelde w f};‘zg*g“‘;;s’%m"“fa‘:s;:}'_f@.!:ﬁ-iii_g; any
special dhicumddances or-eakiunlaion
pi*zémmﬁm

rag achieved a
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Section 3.2 of IPMVP Vaolume HI pro-
vides specific centent requiremients for .

the M&Y Plan,

Considerations

The benefits of optinal building opera-
fon, especially in rerms of energy per-
formance, are substantial, The iifﬁﬁm& of
marry buildings is greater than 50 years,
Foeit minor energy savings are shgnificant
when considered in aggreguté. These
long-term benefits ofter go wirealized
due o maipterance persoruel changes,
aging of building equipment; and chang:
v neility rate structuyes. Thevefore, it i

mpertane w lnstituce M&V procedires

1o achieve and mainein oprimal perfor-
manice over the lifetime of the building
throtigh continuous monitoring: Thegoal
of BME&V activities is to provide building
ownets with the toels and dara necessary
ro identity sysiemns that are o function-
ing as expected, and to oprirnize building
systeny performance..

Environmental Issuss

Measurement & Verification of a build-
ing’s oagoing energy Use: altows for
aptimization of related Srstemns over the
fifesime of the building. As 4 resuly, the
cost and environmertal impztcté‘ ABIOLE-

- ated with energy can be minimized,

Evonomic issues

The added cost wo instloite an M&V
pf&)gmm If"E 2 W LURS{!H{:HQH pl(};{?{_f
is strongly tied o thie complexity
building systems. Costs tan Lome - fmm
aeldidional instrumentation and facering
equipment; addirioral controlé programy:
ming, and/or labor for the ma’mi!:{"wing

Table 2

- and processing of the datx eollected. The

extent to which these costs are considered
extrapeous will depend on the level of
tseeiimentarion and contrals in the Baser
Hire Design, Otften thimes, projects with so-
phisticared digital contrals can supportan
effective M&V program without incur-
ring significant addironal costs. In athier
instances, projects with aseries of chillers
and air handlers and sitnple cottrols may
neetd to install 4 significant amousnt of
squiprment 1o generate the necessary data
for an effecrive M&V progiam: Smaller
buildings with packaged HVAC. equip-
ment and fower picces of equipment may
nave lower costs because there are fewer
systems o rheasire and verify. The cost
of an ME&V programi soust be balanced
agdinst the gxmcmnﬁ petformanie sisk. A
sitaple method of estinnading perforbmunce
risk cat be Emmdam the: profect value and
wechnical uncertaintg: Am llustration i
provided below in Table 2,

A capital and operational budger for
M&N may be established asa percentage
of the projects performance tisk over a
sultable period of years, As iflusrared, the
smaller project consisting of predicrable
vechnologies has less: performance wisk
{and thus a tower M&V budged) dhan the
farpe pm ject chatincludes less pfea{ieiﬁ_ﬁ.iﬁie
tischriologies. :

I general, E"ughw MoV mmnm}s and

vigos means higher cost, hoth upfrontasd

aver tirme. The fuotors thar rypieally atfect

M8V accuracy and costs are as follows

{note that many are dterretated)

O Level of detadl and effore associared
with verifying pose-constriction con-
ditions

Smatl $250,000 _Se0.000

20% 210,000

Large

42 000,600

TSERHO000

< 30%

150,000




G Number and types of merering
petniy

0 Duration